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ANNOTATION

[Text] The work is devoted, from a practical gtandpoint, to very important
problems--the method of calculating random and normal seepage strength of
earthfill dams and their foundations--the solution to which exerts a great
influence on the basic dimensions of the structure, its strength and stabil-
ity and the economics of its construction.

The principal purpose of the werk is to give the engineers of planning and
construction organizations modern methods of calculating and evaluating the
seepage strength of earth structures under pressure, systematically presented
and convenient for practical application.



FOREWORD

When planning and constructing earthfill or rockfill dams, a solution must be
found to the problem of the seepage strength of the soil which forms the
embankment and foundation of the dam. The basic dimensions of the structure
and consequently, its cost, depend to a substantial extent on the solution to
this problem.

The seepage flow in the embankment of the dam and its foundation determines
tte corresponding seepage forces exerted on the frame (solid phase of the
soil). These forces, on the one hand, may contribute to a reduction in the
general stability of the slopes of the dam or may cause so-called local
seepage heaving, and on the other hand, these forces may cause seepage defor-
mation of the soil frame, in the form of so-called piping and silting.

It is known that when dams are designed, safe seepage deformations (for ex-
ample, safe piping), which cannot cause the destruction of the structure,
must be discerned; at the same time, dangerous seepage deformations, which
cauge the destruction of the above-mentioned seepage strength of the earth
must also be discerned; these deformations may lead to the total destruction
of the structure. A study and analysis of the disasters at earth dams show
that about 80 percent of the disasters occurred precisely because of a dis-
turbance in the seepage strength of the earth of the embankment or foundation
of the dam. This handbook on designing earth structures exposed to pressure
does not deal with the problem of the general stability of earth slopes (for
this problem see the "Instructions on Calculating the Stability of Earth
Slopes,"” VSN [Departmental Construction Norms] 04-71, compiled by R.R.
Chugayev on the basis of his scientific research). Only problems of the
seepage strength of a dam in the above-explained sense are discussed below;
calculation of the local seepage heaving is also explained to a certain extent.

According to the concept of R.R. Chugayev, adopted in SNiP [Construction Norms
and Regulations [1] and the norms of the USSR MES [Ministry of Electric Power

Plants] [14}, and covered in detail in his works [2, 4], the following should

be discerned in the problem of the seepage strength of earth:

a) The so-called random seepage strength, which cannot possibly be estimated,
since it depends on the mechanics, and;
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b) The so-called normal seepage strength, which may be calculated on the

basis of the laws of mechanics, using previously known limiting and initial
conditions.

Especially important in the practical respect is the problem of the random
seepage strength of an earth structure, since it is on the basis of calculat-
ing this strength that the principal dimensions of earth structures must
quite often be designated, for example, the length of the seepage paths,com-
pared to the pressure exerted on the structure.

With respect to the normal seepage strength, on the basis of which the filter
material of the structures, particularly, is often planned (which is, as we
know, one of the most critical elements of a hydrauling engineering struc-
ture), the material given below uses the scientific research of A.N.

Patrashev, M.P. Pavchich, G.Kh. Pravednyy and V.N. Zhilenkov [6, 7, 8, 9,
10, 11, 13}.

The main purpose of this manual is to make available to practicing engineers
modern methods of evaluating the seepage strength of earth structures exposed

to pressure, systematically presented and convenient for practical applica-
tion.

This "Manual for Calculating the Seepage Strength of Earthfill Dams," was
compiled at the Laboratory of Hydraulic Engineering Earth Installations by
G.Kh. Pravednyy, senior scientific associate, candidate of technical sciences.
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PART 1.
GENERAL CONDITIONS

1.1 Range of Application

This "Manual" extends to the planning and construction of earth dams and is
designed for checking the seepage strength of the cross sections (sections)
of a dam.

The seepage strength of cross sections of a dam should be checked with regard
to the design accepted for the dam, the geological structure of the founda-
tion and the physical cheracteristics of the soil.

The definitive dimensions of the dam, as well as the shapes and dimensions
of the underground contour of the dam should be substantiated by the appro-
priate calculations, including estimates of the seepage strength.

To be taken into consideration when estimating the seepage strength are:

1) The random seepage strength of the earth of the embankment of the dam and
the earth of the foundation, which may be disturbed in some places, not known
in advance, in the longitudinal section of the dam, for the following reasons:
in the process of carrying out the work, by uneven settlement of the dam, and
nonhomogeneity of the earth, not taken into consideration, etc., which may
result in the formation of lateral movements (cracks) of concentrated seepage
in the embankment of the dam or its foundation. On the basis of estimating
the random seepage strength of the earth of the embankment of the dam and its
foundation, the following dimensions are established for an earth dam: the
length, which determines the placement of the drain for the downstream shell
of the dam, the thickness of the core or facing shield, the impervious
blanket, ete. This calculation should be made on the basis of the greatest
possible pressure exerted on the structure, in accordance with the method
(suggested by R.R. Chugayev) of the controlling pressure gradient Jk (as a
certain characteristic pressure gradient for the entire seepage area or part
of it). The foundation and embankment of the dam should be taken into con-
sideration individually when making these calculations:
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2) The normal seepage strength of the earth in the embankment of the dam

and the earth of the foundation, which may be disturbed in a number of the
spots known to be weakest in the cross section of the structure, for example:
at the contact surfaces of the fine and coarse soils which form the founda-~
tion for the actual embankment of an earth dam; in the area where the seepage
flow emerges into the tailwater, where there may be either seepage heaving of
the earth or external or internal piping in the embankment of the earth dam
or the soil of the foundation; when the seepage flow emerges into the filter
layer of the drain or the transitional zone, etc. It is recommended that the
normal seepage strength of the soll of the foundation of earth dams and their
members be calculated according to the method given below.

If the seepage strength of the structure or its individual structural members
is not guaranteed, appropriate engineering measures should be stipulated to
strengthen the structure or its individual members.

1.2, Accepted Terms and Designations

It is recommended that the following terms and letter designations be adhered
to.

Basic Terms

Seepage deformations of the soil--deformations of the solid phase of the soil,
caused mainly by the forces of hydraulic action.

Dangerous seepage deformations~-seepage deformations which may result in the
destruction of the structure.

Safe seepage deformations--seepage deformations which in time cease and do
not threaten the safety of the structure, among which are included, for
example, negligible erosion or deposit of fine dusty soil particles, observed
in the initial period of operation of earthen structures.

Piping--a change in the granulometric composition and structure of the soil,
as the result of individual particles within the soil being shifted by the
seepage flow, or being carried away, or the dissolving of the water-soluble
salts contained in the soil, or their washing away, as a result of which the
strength of the soil may be disturbed.

Mechanical piping--a breaking away or shift within the soil, or removal of
individual particles of its mass, resulting from the action of the seepage
flow.

Internal mechanical piping--a shifting, caused by the seepage flow, within
the soil, of fine particles of it.

External mechanical piping--the removal by the seepage flow of individual
particles of soil lying on the surface of the earth mass.
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Dangerous mechanical piping--the breaking away, shifting and removal by the
seepage flow of fine particles and particles of the framework of the earth
in an amount which disturbs its strength.

Silt deposition--the depositing in the pores of the soil of fine particles
carried by the seepage flow (internal silting) or their deposit on the sur-
face of the earth mass (surface silting).

Contact erosion--the erosion of fine or cohesive (clayey) soil upon contact
with coarse soil (or filter soil) due to longitudinal seepage.

Heaving (percolation)--the breaking away and shifting of a certain amount of
soil, due to the combined force of hydraulic action.

Seepage strength of the soil--the capacity of the soil to resist the occurrence

of dangerous seepage deformations of its framework (piping, contact erosion,
peeling off of cohesive soil, seepage heaving.

Framework of the soil--the aggregate of its particles, receiving and trans-

mitting the action of external forces which ensure the strength and support-
ing capacity of the soil.

Soil filler--particles located in the pores of the soil framework.

Piping soil--soil in which mechanical piping may occur and develop when the
seepage rates exceed the critical rates.

Non-piping soil-- soil in which mechanical piping is impossible.

Contact area of soils--the area including the boundary of two adjacent :oils
differing in their granulometric composition, determined by the depth or the
pcssible penetration of the particles of one soil into another.

Stratification of soil--the separation of coarse particles from fine ones,
taking place in the transporting and jouring of the soil.

Peeling off of the soil--the breaking away from the mass of aggregates of
particles of cohesive (clayey) soil in the contact zone (in the pores) of
coarse soil or the soil of the filter material.

Drain--a device designed to intercept and lower the level or pressure of
ground waters, and also to carry away, in an organized manner, the water
which has seeped into the drain.

Filter material [reverse filter]--a layer of sandy-gravel-pebble and rubble
soils or synthetic materials, protecting the non-rocky soil of the structures
from mechanical piping, and in some cases also from seepage heaving.




Transitional zone--the transitional layer (layers) of soil material between
the core (earth shield) and the fills of the dam, ensuring seepage strength
for the core (shield), as well as the impermeability of the actual material
of the transition zone into the pores of the material of the dam fill.

Water confining stratum—--a practically water-impervious layer of soil, under-

lying the pervious foundation of the dam.
Letter Designations

yr—Vvolumetric weight of dry soil;
A --specific gravity of material of soil particles;
d--diameter of soil particles;
dyge..d;y...dgy-diameters of soil particles, the smallest of which in its
compcsition may be present as 10...17...60%Z by weight;
dci--diameter of (piping) particles of soil which may be carried
away by the seepage flow;

Y1 = %il--coefficient of variation in grain size of the soil;
19
n--porosity of the soil (in portions of a unit);

g--coefficient of porosity’
k--coefficient of soil seepage'
Do, dp--average size (diameter) of the seepage course (pores) in
coarse and fine soils;
Do » d
fine soils;
W--moisture content of the soil, in %;
Wr--flowability limit of the soil;
Wp =~build-up limit of the soil;
W_--plasticity number of the soil;
E--coefficient of water saturation (moisture content) of the
soil;
Yp ~-specific gravity of the water;
v=--coefficient of kinematic viscosity of the water;
g -—-acceleration of the force of gravity;
Jkp9 Ukp ——critical pressure coefficient and seepage rate, at which
mechanical piping occurs;

Jg,n, Ugorr ——permissible pressure gradient and seepage rate (equal to the

critical, divided by the safety factor);
0 ——angle between the directions of the seepage rate and the
forces of gravity;

¥ --coefficient of inequality of distribution of particles in the

soil, or the coefficient of piping localization;
Re =-~Reynolds number;
Z ——pressure at the dam (difference in the water level lines of
the headwater and tailwater; when there is no tailwater,
Z=hy);
hn: hy --depgh of the water respectively at the headwater and tail-
water;

gax -~diameter of the maximum seepage course (pores) in coarse and
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T--deepening of the surface of the water confining stratum
under the surface of the foundation of the dam;
h;, hz—-deepening of the surface of the confining stratum respectively
under the water level in the headwater and tailwater;
Lyp--horizontal distance between the water lines of the head and
tallwater;
§ ——thickness of the almost impervious barrier (éﬁr~shie1d,
8. —-core, 9—-blanket...);
Jx——active pressure gradient (piezometric gradient) controlling
the random seepage strength of the structure in question;
(Jk)u —permissible value of Jk'

Other letter designations are explained in the text.
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PART 2
CALCULATING THE RANDOM SEEPAGE STRENGTH OF THE SOIL
OF EARTH HYDRAULIC ENGINEERING STRUCTURES
BY THE METHOD OF THE CONTROLLING PRESSURE GRADIENT*

2.1 General Conditions

Calculations of the random strength of the soil of a structure and its
foundation should amount to determining the maximal permissible length of
the seepage route in the earthen structure, compared to the pressure exerted
on the structure, i.e., the determination of a length of the seepage route
which eliminates the possibility of uncovering the courses of concentrated
seepage.

Figure 1. Diagram of an Earth Dam

l--embankment of the dam; 2--foundation of the dam;
3~-drainage; A-B--conditional line of flow, separating
the seepage areas of the embankment and foundation of
dam; (-—length determining the location of the drain

On the basis of calculating the random seepage strength of the soil, the
main dimensions of the earth structure under pressure are established, such
as: the length, d » determining the location of the drain of the downstream
shell of the earth dam (Fig. 1); the thickness of the core or shielding face,
and also of the blanket, the length of the blanket in front of the earth

dam, etc.

* These calculations are made according, to the method proposed by R.R.
Chugayev, presented in his sciertific works [2, 3, 4].
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2.2 Fundamentals of Calculating the Random Seepage Strength. Permissible
Controlling Pressure Gradients (Jk)d

According to the method of the controlling pressure gradient, it is held that
the random strength will not be disturbed on condition that [2]:

Je < e 1)

where J, is a certain average pressure gradient for the entire seepage area
under d&scussion, or for part of it,which controls the random strength of
the given earth structure; (Jk)d is the permissible value of the controlling
pressure gradient.

In calculating the random seepage strength according to the formula (1),
separate consideration should be made of the embankment of the dam and its
foundation (Fig. 1), located below the conditional horizontal line A-B,
which separates the seepage area into the two parts mentioned above.

The permissible controlling pressure gradients (J )d should be taken: for
the foundation of the earth dam, according to Takle 1, and for the embankment
of the earth dam--according to Table 2.

Table 1. Permissible Piezometric Gradients (J )d Controlling the Random
Strength of the Soil of a Dam Founda%ion (approved SNiP 11-I, 12-67).

Class of structure by durability

Foundation soil

I I1 I11 IV-v
Dense €lay . « « o o o o o o o o & 0.70 0.80 0.90 1.10
Coarse sand, gravel . . . . . . . . 0.35 0.40 0.45 0.54
Loamy clay . . « + &+ « + s o o s o« « 0.32 0.35 0.40 0.50
Sand of average coarseness . . . . . 0.22 0.25 0.28 0.35
Finesand . . . . . « ¢« + « ¢ « + . 0.18 0.20 0.22 0.26

Table 2. Permissible Piezometric Gradients (J, ), Controlling the Random
Strength of the Embankment of an Ear%tham and the Antiseepage
Earth Fill of Rock-Earth-Fill Dams (approved SNiP 11-I, 4-73)

Class of structure by durability

Soils forming dam embankment

I I1 III V-V
Gravel-clay mix and clay . . . . . . 1.5 1.65 1.8 1.95
Loamy clay . . . . . . +« « s ¢ « « 4+« 1,05 0.15 0.25 1.35
Sand of average coarseness . . . . . . 0.70 0.80 0.90 1.00
Sandy loam . . . . . . . .« .+« . o« 0.55 0.65 0.75 0.85
Filnesand . . . . . . . ¢+ ¢ s ¢+« .+ 0,45 0.55 0.65 0.75




For soil facings, cores made of gravel-clay mix, clay and loam, in accordance
with SNiP 11-1.4-73, "Earth Dams. Planning Norms," the numerical values of
Jk should be taken as:

a) For earthfill dams, Jk-4-10;

b) For rock-earthfill dams, Jk=2—6;

¢) For the blanket, Jk should be not more than 10-12,

Calculations of the random seepage strength of the soil of earth dams made
according to formula (1) are verificational in nature, and moreover, having
a2 preliminarily outlined (or existing) section of the dam, we establish the -
values of J, and (J,), for its embankment and foundation, and then check the
given section in accordance with formula (1).

The value of Jk should be determined by means of the following methods [2]:
1) The method of separating the embankment of the dam from its foundation
by a horizontal flow line; in this case, as was noted, Ji should be calcu-
lated separately for the embankment of the dam and for its foundation;

2) The method of the "straight line of the depression": this method should
be used mainly to determine J, with respect to the embankment of the dam;

3) Virtual methods and the method of the extended contour line; as a rule,
this method should be used to determine Jj with respect to the foundation
of the dam.

To be assumed as the estimated water level in the reaches are: in the head-
water, NPU (normal supported level), and in the tailwater, the lowest water
level.

Note. With a dry tailwater, the water level of the tailwater should be
considered as coinciding with the surface of the bottom.

2.3. Determining Ji for the Embankment of the Dam.

1°. Uniform dam embankment. When discussing a uniform dam embankment

(Fig. 2), we separate it from the foundation by a horizontal flow line A-B.
After this, not being concerned with the water seepage in the foundation, we
use the following methods to determine Jy for the dam embankment.

a) If the drain of the downstream shell of the dam is in the form of a
stone banquette (Fig. 2,a) or in the form of a pipe drain (Fig. 2, b).

In this case, we first make the vertical I-I at a distance equal to 0.4h
from the headwater line, and the vertical II-II through the extreme lefthand
point B of the drain (Fig. 2, a, b). Next to be fixed is point M of the
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intersection of the vertical I-I with the water level of the headwater and
N point N of the intersection of the vertical II-II with the line 0-0, made at
' the water level of the tail water, After this we derive the "straight line
: of the depression," MN, which controls the random strength of the soil of
‘. the dam embankment.
Figure 2. Theoretical Diagrams of Dams
a--uniform earth dam with stone banquette;
‘ b--same, with pipe drain.
The value of Ji in this case will be equal to
' 'z z
Jy=ige o= E-m, (2)
where a is the angle of incline of the line MN to the horizon; L--the esti-
r mated width of the dam; hp--the depth of the water in the headwater;
3 L--the horizontal distance between the water line of the headwater and the
4 extreme left point of the drain (see Fig. 2). A
b) If there is a sloping drain or no drain (Fig. 3). Here, in contrast to ]
the preceding case, the vertical II-1I is made at a distance of 0.4hy from '
the water line of the tailwater.
The value of Jy is calculated from the formula
4 4
b b mpy v s 7 3
: vhere Ly, is the distance along the horizontal between the headwater and ;
. tailwater line; hy is the depth of the tailwater. s
gx.
» When hg=0, the "straight line of the depression' takes the form of a straight i

line MN' (Fig. 3).

£ o0, ol VL S SO S A O

A Sy




APPSO SR I I e Sovis, 0 T

- o v a— 1

Figure 3. Dam With Sloping Drain

J, -—controlling gradient if there is
a sloping drain; J, '--if there is no
sloping drain.

(1)--normal supported level
(2)--tailwater level

In this case the value of the controlling gradient will be
I - ;:, (4)
where Lp' is the space along the horizontal between points M and N°.

c¢) VWhen the drain is placed relatively close to the headwater; there is no
water in the tailwater (Fig. 4).

Figure 4. Dam With Interior Drain

El’ EZ’ E--drain locations
In this case, the value of J, 1is determined in the following way: two paths,
A-E., and A-E,, should be drawn from point A of the actual water line in the

headwater. ath A.-E1 makes an angle of 45° with the vertical; path A-E2
makes an angle of 90° with the line of the slope.

1) If point E of the start of the drain lies to the right of point El’ then
Jk will be determined according to the formula (2).

2) When point E of the start of the drain lies between points El and Ez. the
value of Jk should be determined according to the formula:

PR X

ilinded Wi S A




. Ay
. :"'-T' (5)

where 1 is the distance from point A of the actual water line to point E of
the beginning of the drain.

3) If point E of the start of the drain lies to the left of point EZ’ the
value of Jk should be determined according to the formula:

’--“L‘- (6)

where 1 is the length of the perpendicular dropped from the initial point E
of the drain to the line of the upper slope.

2° The embankment of the dam with a core or shielding face. In this case
two values should be determined for J,: a) for the core (J ; or the shield
(Jk)9 and b) for the remaining part ol the dam embankment (Sk)r.
As a result of the corresponding seepage calculations [2, chapter 3; 5], the
. amount of drop of the free surface of the seepage flow at the core or shield
is determined--2' (Fig. 5).

Figure 5. Dam With Core and Shield

2'--drop of free surface of seepage flow;
8y and & --thickness of the core and the
shield (average).

After this the value of (Jk)ﬂ or (Jk), is determined according to the
formulas:

2’ z _
Vel = 3~ and o= @)
where & and S are the thickness of the core and the shield (average).
The values of J, obtained pertain only to the lower part of the core or

. shield, i.e., the part placed below point a, shown in Figure 5; above this
point the values of Jk will be lower.
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If there is no water in the tailwater of the dam, the values of (Jk) and
(Jy) conservatively will be:

@hh:'%f " UDF'%%- (8)

The value of (Jk)T in the structure of the core or facing should be deter-
mined as indicated in paragraph 1°, showing in Figure 5 (dotted line MN) the
straight line of the depression MN through point a, and selecting point N as
indicated in figs. 2-4 (depending on the type of drain).

2.4. Determining Ji for the Foundation of the Dam
1°. A uniform dam foundation; a dam without a cutoff.

To obtain the value of Ji for the foundation of the dam, the appropriate
plotting should be done, using the method of an extended contour line [2, 4].
For this purpose we proceed in the following way (Fig. 6). We designate A
and B as the extreme points of the base of the dam. We carry these points
along the vertical respectively to the water level of the head- and tail-
waters, and thus obtain points A} and Bj. From points A; and B;, respec-
tively to the left and the right we plot along the horizontal segments

0.44T pee¢ long and obtain points Ay and By. We connect these points with

a straight line, A7Bj.

After this we outline the desired piezometric line for the base AB of the
dam in the form of a broken line AjabB;.

Figure 6. Dam Without a Cutoff on a Uniform Foundation

T pace——deepening of the estimated confining stratum (T pece =0.5L);
AjabB;--piezometric line for the base of the dam AB (ab-Jy).

The line ab obtained gives the desired value of Jy for nonsloping drainage,
which is equal to ) '

' } 4
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where L is the width of the embankment of the dam along the bottom; Tomce-
the deepening of the estimated confining stratum, the value of which may be
assumed equal to 0.5 L, i.e., (Fig. 6):

.
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if Taeiiap's L, then 'Ik“‘z- Tn&,'ni‘.

In the case of drainage different from the sloping, the length of the line
AB, shown in Figure 2, a,b and in Figure 3, should be taken as the value of
L in the formula (9).

' 2°. Uniform foundation; a dam with a partial cutoff. In this case (Fig. 7),
1 as in the preceding (paragraph 1°), the method of an elongated contour line
is used. Here, however, when plotting the elongated underground contour of
the dam, turned to a horizontal straight line M'N', in addition to the
length of the horizontal sections of the contour L,, the length of the
vertical sections of the underground contour of the dam embankment is also
teken into consideration.

. Lym3S. (10)

, When there is a blanket the size of L, increases to a value equal to the
length of the blanket--Ln.

. Taking into consideration these additions, Jk is determined from the formula
: (9), where instead of L, the values L -L2+L or L -L2+L are substituted,
i.e. P B P n
Y (11)
J. =2 + - .
-»

Figure 7. Dam With a Partial Cutoff on a Uniform Foundation

Ln--estimated horizontal length; S—-depth of the cutoff;
é . 3 --thickness of the cutoff.

Following from the above, to reduce the value of J, in this case the depth of
the cutoff S may be increased, or two cutoffs may k
almost impervious soil.

e made, for example, from
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The value of (J b for the cutoff itself may be determined by using the indi-
cated method, a*ter determining the pressure at the left and right vertical
edges of the cutoff. The difference in the pressures at the left and right

edges of the cutoff should be divided into its actual width, &i.e., we
hg'-hy'

obtain (Jk) = —33;—5— (bearing in mind the lateral horizontal seepage of

the water through the cutoff).

3°. Uniform foundation; a dam with a core and almost impervious cutoff,
leading to the confinement stratum (Fig. 8). In this case, to determine the
value of J, of the foundation, the soil of the cutoff should be brought to
the soil o¥ the foundation.

Figure 8. Dam With Core and Almost Impervious Cutoff, Leading to Confining
Stratum; Uniform Foundation

k_--coefficient of seepage of the foundation soil; kz——
coefficient of seepage of the soil of the cutoff.

For this purpose the first virtual method is used, when the water seeps
across the layers [2].

In this case the virtual length (thickness) of the soil of the cutoff, with
a coefficient of seepage of ky, is brought to the coefficient of seepage of
the soil of the foundation ko' and may be determined from the condition:

S
Therefore, the estimatcd length of the foundation of the dam will be equal
to (Fig. 8): LP-LO'-Lvir+O.88Test.
The value of Jk for the foundation of the dam will be equal to

Z
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From this data for the calculation, the value of (Jk)a may be determined for
the soil forming the cutoff (paragraph 2°, end).
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4°, Uniform foundation; the dam has a blanket (Fig. 9). In this case the
- pgrvious blanket 1y long is replaced by an absolutely impervious blanket
1 long.

Figure 9. Dam With a Blanket on a Uniform Foundation

[
1,~-length of the blanket; 1, --length of the shortened
equivalent (impervious) blanket; h’--loss of pressure
along the length of the entire foundation of the blanket

: The value of 1: is determined according to the chart in Figure 10. The value
of Ty, indicated on the chart should be defined as the value of Tacx =

=0.5 (1"+L,), where 1lj is the length of the actual blanket; L, is the width
along the bottom: this refers to the depth of the active seepage zone.

The given thickness of the designated blanket is determined from the rela-
tionship:

- =yl 14
. L] ‘., ‘.‘.' ( )
where J7 is the thickness of the designated blanket; k, and kp--the coeffici-
ents of seepage respectively of the foundation and the blanket.

Next, using the method of an extended contour line, we construct the piezo-
metric line for the base AB (Fig. 9). For this, we draw a vertical I-I from
point A for a distance of 0.44Tpcz to the intersection with the water line

of the headwater and at a distance of 0.44 Tpecv from point B, the vertical
II-II to the intersection with the water line of the tailwater. We conmect
points M and N obtained at the intersections to the "straight line of the
depression,"” which is the piezometric gradient controlling the random strength
of the soil of the foundation Jy.

Consequently, in this case the value of Jy will be (Fig. 9):

J,-é=mr_+ z : (15)
L3N pace

The distance from the NPU level to the fixed point a, on the vertical III-
III, passing adjacent to the blanket toward the structure, equal to hy,
accounts for a loss of pressure along the length of the entire foundation
of the blanket.
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Figure 10. Chart of R.R. Chugayev To Determine 1 0---the Length of the
Shortened Equivalent (Impervious) Blanket

1 ~-length of the actual pervious blanket; T --actual
dgepening of the confining stratum under the"blanket
base; §p--given thickness of the blanket.
A--impervious blanket; B--maximum length of impervious
blanket.

Knowing the value of h,, we find the maximum controlling pressure gradient
for the soil of the blanket:
L= (16)

where 5% is the thickness of the actual blanket.

5°, Nonuniform foundation. When the foundation is nonuniform, formed by the
horizontal deposition of different soils, the seepage coefficients of which
are not greatly separated, it is recommended that the following means of
calculating be adhered to in evaluating the random strength of the foundation.

The value of the controlling pressure gradient Jk shculd be determined con-
ventionally, as for uniform soil,.

The value of [(Jk)d] should, however, be reduced, assuming: f

nonuniform soil
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[(Jk)d]nonuniform soil = [(Jk)d]uniform soil Q17)

where 71is the coefficient of reduction (less than unity), the value of which
should be assumed depending on the degree of nonuniformity of the adjacent
fine and coarse soils and the danger of piping occurring.

Taking the above into consideration, the permissible controlling pressure
gradient [(J, ) Juniform soil should be adopted in accordance with Table 1,
for the finest composition of the soil, forming the foundation with regard
to (3.3, paragraph 4°, a,b and 3.4).

2.5 Seepage in the Embankment of the Dam to the Bypass of the Cutoff
(Not Finished on Top by a Core or Shielding Face)

If there is an extremely pervious underlying layer in the foundation of the
dam, the layer is as a rule intersected by a cutoff, made, for example, from
clayey material.

f
@
%
|

Figure 11. Dam With a Cutoff, not Completed at the Top by a Core or Shield

l--cutoff, intersecting the pervious underlying layer of the
soil of the foundation; S,--deepening in the embankmen* of the
dam; 2--curve of the depression.

In avoiding seepage to the bypass of the cutoff at the top (Fig. 11), this
cutoff almost always is augmented by a core or diaphragm, going as far as
the crest of the dam (Fig. 8, paragraph 3°).

In some cases the cutoff, obstructing the pervious foundation, does not reach
the crest of the dam, and remains at a certain level in the dam embankment
(Fig. 11).

In this case the seepage strength of the joint and the amount (S, size) of
the deepening of the cutoff in the dam embankment must be evaluaéed.

G A ST IO S TN T E

The following procedure is used to solve the problems posed.

Disregarding losses of pressure in the layer of the foundation (resulting
from the great perviousness of this layer), we assume that there is a pressure
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in area A which corresponds to the pressure of the headwater, and in area B
--a pressure corresponding to the pressure of the tailwater,

Next, at approximately the level of the depression curve (above the cutoff),
a horizontal I-1I is made, considering that this horizontal is the lower sur-
face of the confining stratum conceived, above this line.

Then the dam should be turned 180° downward at the crest (as shown in Fig. 11,
b). The result is that we have replaced the diagram of Fig. 1ll,a by an
analogous theoretical diagram, shown in Fig. 11,b.

The theoretical diagram presented in Fig. 11, b corresponds to the diagram of
the underground contour in the form of a pure sheet pile, cut quite deeply
into the soil.

In this case the maximal outer gradient J,uy for the surface of the bottom of
the tailwater is a value characterizing the entire seepage flow in general,
i.e., the principal seepage area, which is of interest (excluding the sharp
sheet piles) when examining the random seepage strength of the foundation.

Taking the above facts into consideration, the value J,, may be taken as the
controlling gradient J, for the pure sheet pile, i.e.

I = Iy (18)

The value of Jg,, (and consequently, also of Ji) is determined from the fol-
lowing formula [4]:

19)

. z
o= o = 0318 -

1f, calculated from the formula (19), Jx<(Jk), for the given soil of the dam
embankment, this indicates that the size of the cutoff S; is designated
correctly.

Otherwise, the value of S; should be changed, and may be determined from the
equation (19). In this case, in equation (19), instead of Jy, the value
(Ji)4 should be substituted for the given material of the dam, and it should
be solved relative to S;.

The value of S3, shown in Fig. 11, a, may be determined by the above method.
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PART 3
CALCULATING THE NORMAL SEEPAGE STRENGTH OF THE SOIL
OF THE DAM EMBANKMENT AND THE SOIL OF THE FOUNDATION

3.1 General Conditions

The seepage-piping strength of the snil (or the earth structure) is the term
given to the capacity of the soil to withstand seepage deformations.

The seepage-piping strength of the soil, which may be disturbed in a number
of places, known to be the weakest, in the cross section of the structure
(dam), is called the local seepage strength.

The seepage deformations of the soil are also the term given to the deforma-
tions of its solid phase which arise chiefly by virtue of hydraulic actiom
and result from piping, silting, contact erosion, heaving, etc.

A distinction should be made between safe seepage deformations, which cease
in time and do not threaten the integral structure, and dangerous seepage
deformations, which may lead to the destruction of the structure.

Safe seepage deformations (in the form of safe piping and silting) are always
to a certain extent observed in a soil mass at the initial period of its
development.

An analysis of the seepage situation in earth and rockfilled dams and their
foundations (section 3.2) shows that if there is seepage, the seepage flow
will interact with various elements of the dam and may create, given the
appropriate hydrodynamic conditions, corresponding seepage-piping deformations,
mentioned in section 3.2.

The seepage-piping strength of any element of the dam (blanket, core, shoring,
drainage, etc.) depends mainly on the value of the acting pressure gradients
(Fig. 12) and on the seepage-piping properties (extent of piping, cohesive-
ness, granulometric composition, etc.) of the soil.

Congequently, in order to avoid disturbing the seepage-piping strength and
the stability of any element of the dam, and consequently the structure as a
whole, the following basic condition should be fulfilled:




e

Jon < Jron ' (20)

where Jyy is the pressure gradient in the area of the dam element undér dis-
cussion or in its foundation (Fig. 12); Jypr 18 the permissible pressure
gradient for the given specific case:

Figure 12. Possible Seepage-Piping Deformations in Earth and Rockfill Dams
and Their Foundations. 4

a--uniform dam on a stratified foundation; b--rockfill dam on a ;
rock fourdation; Jey --gradient of piping in the dam embankment, 1
in the soils of the foundation; Jy--heaving gradient of the con-
tact erosion (embankment of the dam-foundation; between the layers
of the foundation; rock-soil of the dam foundation, etc.); Jyous —-
heaving gradient of the soil; Jgy——-input gradient of the seepage
flow to the drain; J,~-pulsation gradient in the seepage prepara-
tion (from the rise and fall of the wave); B--area of local soil
heaving if the depression curve emerges on the slope; A--junction
of the cohesive and noncohesive soils of the foundation; JOZX--
estimated (maximum) outcrop gradient at the water level of the 5
tailwater; a--angle of incline of the lower slope of the core to

f the horizon; l--run-up of wave; 2-~-confining stratum; 3--drain
(vert.); 4--headwater level; 5--tailwater level.

Here Jy,7should be less than Jkp» 1in consideration of the safety factor, K3unr i
¢ i.e.

1 (21) ;
Im=lop s ;

P F T - o

ol A ey p Ve X PO et R A IR SR T AL




oy RIS YT A, (TR T s

It follows from the above that a disturbance in the seepage-piping strength
. may take place if the conditions (20) and (21) are not observed.

Guided by the above conditions, one should in each specific case:
]

a) Establish the principal forms of seepage-piping deformations, which may
occur in the process of seepage in the given structure and its structural
members under the given specific conditions;

h) Determine their quantitative values, which should be the initial data
and criteria in evaluating the soil material and in planning the designs
and dimensions of the antiseepage devices.

In general the following basic problems should be solved:

a) Determining the geophysical and theoretical characteristics of the soil
of the earth structure and its foundation being discussed;

b) Determining the piping tendency (lack of piping tendency) of the soils
under consideration;

c) Determining the critical (local) gradients of piping, contact erosionm,
heaving, outcropping, etc.;

d) Determining the dimensions of the piping particles (d ,) of the soil, and
the number of them, removed by the seepage flow, depending on the amount of
the active pressure gradients;

S p———————————— S e e

e) Establishing the permissible and theoretical pressure gradients and the
permissible percentage of removal from the soil under discussion of fine
piping particles, the remcval of which does not disturb the strength and
stability of the membters of the structure as a whole.

When the seepage-piping strength of the structure or its individual structural
elements is not ensured, appropriate efficient engineering-structural measures
should be outlined and carried out to strengthen the planned or existing
structure or its individual elements, so that its reliability and durability
are ensured both in the period when it is put into operation and in the pro-
cess of its further prolonged operation.

3.2 Basic Types of Seepage Deformations in Earth- and Rockfill Dams

Figure 12 shows the cross sections of earth- and rockfill dams, from which it
follows that, depending on the structure of the dam and its members, the
composition of the soil of the dam embankment, and on the soil of the founda-
tion and its construction, given the effect of seepage flow on the structure,
there may be (with certain hydrodynamic conditions) corresponding seepage-
piping deformations in both the embankment of the dam itself and in its
foundation, and in the individual structural members.
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The following types of seepage deformations of the soil may occur in earthen
hydraulic engineering structures,

1) Piping of the soil of the embankment of the dam and the soil (soils) of
the foundation, Fig. 12, a-—qu+ (see section 1.2-—piping).

In the process of piping (interior) the soil of the dam embankment or the
soil of the foundation may also be silted, when the fine particles, moving
in the pores of the soil, are not carried through the mass of the soil, but
are deposited in some area of the soil mass.

Piping may occur at the contacts of coarse and fine soils--contact piping
(see Fig. 12, a, ch? slanted arrow).

In this case both contiguous soils may also be nonpiping soils. Given cer-
tain relations between the granulometric compositions and the hydrodynamic
conditions, however, the contact between them may be characterized by great

seepage deformations.

To establish the presence and determine the amount of seepage-piping deforma-
tions:

a) The degree of piping of the soils of the embankment and foundation of the
dam should be established, i.e., it should be established whether the given
soils are piping or nonpiping soils (see 3.3, paragraph 2°);

b) If it turns out that the soils are piping soils, the value of the critical
piping gradients J, should be determined and compared with those in the

given structure [tdKing into consideration (20), (21) and 3.3, paragraph 3°],
i.e., it should be established whether in the given case for the structure

the piping and seepage deformations are dangerous or safe;

¢) The problem should be solved as to the need for taking appropriate
engineering measures to ensure the seepage strength of the structure.

2) The contact erosion of the soil of the dam embankment (core) and the
soil of the foundation, Fig. 12,a, b--Jk.

In hydraulic engineering structures and their foundations, contacts may be
encountered between the fine and coarse soils. For example, the soil of the
embankment of the dam and the s0il of the foundation, between the layers of
the foundation soils (Fig. 12,a--J ), the soil of the core of the dam and
the scil of the first layer of the filter of the transition zone (Fig. 12,

b"Jk)'
The following types of contact erosion should be distinguished:

a) Fine soil--coarse soil;

b) Clayey (eohesive) soil--coarse soil; .

e




. c¢) Fine or clayey (cohesive) soil--fissured rock (Fig. 12,a,b. see area ?
. A and B).

Due to the action of the seepage flow proceeding in the coarse soil or in the ,
' fissured rock of the foundation (Fig. 12,b), with the appropriate hydrodynamic 1

conditions and coarseness of the granular compositions, the fine soil may |

undergo contact erosion, as the result of which seepage deformations may

take place in the contact zone, and in some cases, significant, and dangerous

for the strength and stability of the structure. {

In this case the intercontacting soils should be checked for the possibility
of contact erosion, taking into consideration the given hydrodynamic con-
ditions, so that the value and size of the possible deformations may be
established, and the appropriate measures may be outlined for their pre-
vention (or elimination), i1f there is need of this (see 3.3, paragraph 4°).

3) Local seepage heaving of the soil, when a certain amount of soil may
break away and shift due to seepage forces (Fig. 12,a--Jg,, or at point a).

This type of seepage deformations may occur in the practical work of hydro-
engineering construction when the dam is situated on a relatively thin layer
of clayey or almost impervious soil, and under the layer of clayey or almost
impervious soil there is a sandy layer with relatively high perviousness,
Fig. 12,a: layer I~-clayey, layer II--sandy.

If there is no drain at the downstream shell of the dam, or when the drain
of the downstream shell of the dam has silted up (or become clogged during
the runoff of water along the slope), the depression curve can be wedged
out at the lower slope (Fig. 12,a; point "a"). In this case local seepage
heaving may take place in the "B" zone due to the seepage forces.

In the first case, in accordance with the hydraulic engineering conditions
of the seepage flow at the foundation of the structure (taking into con-
sideration the acting pressure gradients), the possibility (impossibility)
of such deformations should be established and appropriate measures out-
lined to eliminate them, if necessary.

In the second case, either the declivity of the slope should be increased,
or the surface of the slope covered with a pervious overload (see section 3).

4) Deformations of the soil in the drain area, with the seepage flow enter-
ing the drain, Fig. 12, a--—JBx (drain pipe shown by a dotted line).

‘ In this case, when the triangle of the drain pipe and the thickness of the
! . sloping drain are not big enough, and therc are concentrated gradients of
‘ the seepage flow entering the drain, and in some cases due to incorrectly

. (or carelessly) planned (chosen) first layer of the filter, the soil of the

' dam embankment and of the foundation may be carried off into the drain tri-

’ angle, which may cause inadmissible settling and silting, and in some cases :
a breakdown. -
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In this case the size of the prism of the (piped) drain, the thickness of

N the layer (layers) of the sloping drain and the granulometric composition
of the first layer of the filter should be planned so as to eliminate these
deformations (see section 3.6).

5) Deformations of the soil of earth slopes due to the action of waves on 3
the slope (Fig. 12, a--J ). With the rise and fall of waves on the slope ;
of the structure with a stone or reinforced concrete cover, installed on the

filter preparation, pulse seepage occurs in the layer of the filter prepara-

tion, due to which the strength of the filter preparation may be disturbed,

and the stability, consequently, of the slope itself.

To avoid the undesirable consequences, the planned (chosen) filter prepara-
tion should be checked under working conditions with pulse seepage, taking
into consideration its granulometric composition of the soil and the slope
of the given structure (see section 3.7).

6) Deformations of the soil of the blanket, shielding face and core. When
planning impervious devices to prevent disturbance of the seepage strength

and inadmissible deformations of the soil of the blanket, shield, and core,
the following should be taken into consideration:

a) The thickness of the blanket, shielding face and core should correspond
to the hydrodynamic conditions and requirements imposed on the soil of the
impervious devices;

3 : b) the soil of the foundation under the blanket should be of a granulo-

] metric composition which will ensure the seepage strength of the blanket,
and for the shield and core of the dam on the lower side, either run-of-bank
soil or filter with a granulometric composition ensuring the seepage strength
and stability of the face and the core should be selected and laid in place.

The above conditions should be taken into consideration in accordance with
section 3.8.

7) Deformations in the zone where the core (shield) of the dam comes into
contact with the foundstion. In the area of contiguity of the material of
the core (shield) and the fissured rock of the foundation, the concrete base

E or the concrete plug (laid in a river bed), deformations of the soil of the

. core (shield) may occur, which will disturb its seepage strength: contact
seepage, erosion of the soil of the core along the existing cracks of the
rock of the foundation or the cracks formed in the foundation when the struc-
ture is being operated.

- 5 . 3.3 Methods of Calculation To Determine Seepage Deformations of the Soil

: . Seepage deformations of the soil, accompanied by a disturbance of its solid
3 phase, are caused mainly by the forces of hydraulic action, which also
result in disturbing its strength.
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It is recommended that their quantitative (numerical) values, which should
be the initial data and criteria in evaluating the soil material and in
designating the dimensions and structural elements of the impervious devices,
be determined according to the method given below.

1°. Determining the principal geophysical and estimated characteristics of
soils. To determine the seepage-piping properties of the soils of a planned
{or existing) structure, and its foundation, their geophysical and estimated
characteristics should be known, and they should include:

The granulometric composition of the soil, indicating the sizes of the follow-

ing, estimated fractions: 4 in’ d3, 400 9470 deo? leO’ wm;

The volumetric weight of the soil.?ck, g/cm3;

The specific gravity of the soil particles, 4, g/cm3;

The porosity, n;

The coefficient of variation in grain size,2'= ggg;

The coefficient of seepage k, cm/sec.

For cohesive soils (loams and clays), in addition:

The content of clayey particles, d¢<0.005 mm, Z;

Moisture content (natural), W;

Flowability limit, WT;

Build-up limit, Wp;

Plasticity number, Wn.

The above characteristics of the soil of a structure or its foundation are
the theoretical parameters for each soil, when its seepage-piping properties
are determined (piping, critical piping gradients, contact erosion, etc.),
and should be summarized and best describe the composition of the given soil.
2°. Determining the piping capacity (nonpiping capacity) of soils and the
percent of removal of piping particles*. To solve the problem as to whether

the given soil is apt to pipe or not, the following method of calculation is
recommended. *

*
Evaluation of the soil according to geometric criteria (without taking

into consideration the hydrodynamics of the seepage flow, which should
be taken into consideration in each specific case of operating the
structure).
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. a) From the given parameters (section 3.3, 1°) of the gg%l being studied,
. the diameter of the maximal seepage pores in the soil, d0 , 1s determined
from the following relationship of M.P. Pavchich [6]:

G 05 /g, (22)

where x is the coefficient of nonuniformity of the distribution of the parti-
cles in the soil or the coefficient of localization of the piping:

v 14006 (23)

R TN VI GRCTRE 128 TR e 1 s

d60
n= Eia— is the coefficient of variation in grain size of the soil; n~-the

porosity (in proportions of a unit); d1 --the diameter of the particles
which are found as 172 in the soil and Iess (by weight).

b) The maximal size of the particles which may be carried away by the seep-
age flow from the given soil (given the hydrodynamic conditions determined)
is determined by the following ratio:

= = 0TI, (24)

If it turns out that the maximal size of the piping particles, dM3X deter-

mined from eguation (24), is less than the minimal size of the particles of
min

the soil, d , 1.e.

\
< (25)

this so0il should be regarded as piping soil. All the particles with a
coarseness less or equal to gmax may be carried off from this soil if the

seepage rate (pressure gradieﬁ%) is greater than the critical1lkp(3kp).

3 c) Practical experience shows that if the finest unattached particles of
3 the soil are carried off in an amount of not over 3-5Z by weight, the soil
' strength is not disturbed.

Consequently, if d“:x<:3z (5%) by weight, this soil should be considered as
practically nonpiping soil,

d) Cohesive (clayey) soils which have a molecular bond between individual
particles and their aggregates, with a plasticity number of wé;:s. are non-
piping.

e) The maximum possible percentage (Z) of piping particle removal from
piping soil according to geometric criteria (disregarding the hydrodynamic
conditions) is determined in the following way.

g
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We find the maximum size of the piping particles, d:ax’ calculated from the
) equation (24) on the chart of the curve of the granuiometric composition of
the soil and the unknown maximum percent of removal (on the axis of the

ordinates).

£) 1If two nonpiping soils (section 3.2, l)--coarse and fine--come into con- .
tact (Fig. 12,a; J ., --slanted arrow), in these cases there will be no ‘
seepage deformatioRsPif these two contiguous soils, with respect to granulo-
metric compositions, satisfy the following condition:

D g4, (27)

where D, is the average size of the diameter of the seepage pores of the
coarse soil

- Dy= 0485 }/y [ = Dyy; (28)

the letter designations are the same as in equation (22); d.--the size of the
particles contained in the fine soil in an amount of 3% and”less by weight.

If conditior (27) is not satisfied, contact piping may take place.

To prevent contact piping--seepage deformations--the plan should stipulate
the appropriate measures (for example, placing a transitional layer of soil
on the contact), to ensure its seepage strength.

3°. Determining’the critical piping gradients and rates. Mechanical piping
will develop in sand-gravel-pebble (or rubble) piping soils if the pressure
gradient or seepage rate in them are greater than the critical, i.e., |
J >Jkp or 1I>14¢.

In such cases all the piping particles, dc (from dmix and less), may be car-
ried off from the mass of the soil (not protected Ey a filter), given certain
hydrodynamic conditions.

It must be borne in mind, however, that in earth structures (dams, dikes,
etc.), made of piping soil and on a foundation made of piping soils, the
hydrodynamic conditions for seepage flow may occur, in which even the finest
of its piping particles will not be carried away from the given piping soils
. because there are no pressure gradients (general and local) greater than the
§ critical in value in the structure and its foundation to cause the removal.

In such cases it should be considered that even though these soils with
respect to geometric criteria are piping soils, for the given specific
hydrodynamic conditions they are practically piping-proof, and dangerous
piping processes and piping deformations will not develop in them.

w2

o Consequently, in order to determine the degree of seepage-piping strength of
a soil (the soil of a structure or of the foundation), one must know:

)
!
:
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a) The hydrodynamic seepage flow which will affect the soil under discussion;

b) The critical rates or gradients of removal, the value of which chiefly
depends on the size (coarseness) of the piping particles removed, d 1 (as well
as on the coefficient of soil seepage, porosity, the nature of the focation
of the piping particles in the pores of the soil, etc.).

The hydrodynamics of the seepage flow are determined either by seepage calcu-
lations or by the EGDA [electrohydrodynamic analogy] method, and the critical
rates or critical pressure gradients for the piping soil analyzed are deter-
mined from the formulas given below.

The critical pressure gradient (J, ), with respect to mechanical piping, in

which the pipinﬁagarticles clc may'be removed from the mass of the soil,
starting with cl.::1 and less, }s determined from the following ratio of A.N.

Patrashev [6]:
ep = 0oty V:-_;.T_ (29)

where
= 0,60 (—%_ 1)/, sia (:n' + -:-):
(30)
£+ = 082~ 1,8n, + 0,002 (y, — 5); (31)

dc ~-the diameter of the piping particles, starting from d™* and less, in
cm} nr--the porosity of the soil (in groportions of a unit); g--accelerations
of the force of gravity (g=98l,cm/sec”);'y --the volumetric weight (frame) of
the soil, in g/em™; ¥ . ®1 g/cm --the volumetric weight of Ehe water;¥y --

the coefficient of kinematic viscosity of the water, in cm“/sec; @ --the
angle between the directions of the seepage rate and the forces of gravity;

r = ds0 --the coefficient of variation in grain size of the soil; k'--the
coeffilﬁent of soil seepage, in cm/sec.

I1f the coefficient of soil seepage, qu s, is not known, it may be determined
by the experimental ratio of M.P, Pavchich:

= Y o

where ¢, --the coefficient considering the shape and irregularities of the
soil particles; according to the data of G, Kh. Pravednyy, it is recommended
that: ¥, = 1 for sand-gravel-pebble soils; ¢, = 0.35 for rubble soils; d, .-~
the diameter of the soil particles of which less than 17Z by weight are
contained in the composition, in cm.
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Substituting in formula (29) various values of d 1 and other parameters of
the soil being analyzed, it becomes possible to Jetermine the value of the
practical removal gradient (J for each given size of the piping parti-
cles with a diameter of d i’: { » 38 well as the value of the percent of
removal of these particleg 3.5 paragraph 2°, d) for which the value of

was determined, which makes it possible to evaluate the degree of piping

J
a%ﬂ seepage strength of the given soil.

In order to avoid mechanical piping and disturbance of the soil strength,
the condition (20) should be observed, i.e., the acting pressure gradient
in the soil, J,, should be less than the critical piping gradient, J, _, for
the given soil (Jd<Jkp)' kp

The critical piping rate. To determine the critical piping rate, at which
the maximum equilibrium of the piping particles dci in the soil is disturbed,
the formula of A.N. Patrashev should be used [6]:

SRl 4T AN (33)
where the letter designations are the same as in formula (23).

4°, Determining the critical gradients and rates of contact erosion of
noncohesive and cohesive (clayey) soils. As was shown in (3.2, paragraph
2), in hydraulic engineering structures, contacts may be encountered between
fine and coarse soils (Fig. 12,b).

Figure 13 shows the types of contacts which may occur in hydraulic engineer-
ing structures and their foundationms.

The intercontacting soils should be checked under the condition of the pos-
sible erosion of fine (or cohesive) soil by the seepage flow taking place
in the coarse soill or the fissured rock of the foundation (kcg-kr).

For this purpose the critical gradient of the contact erosion, J of fine
(or cohesive) soil should first be determined, and its value maiG1§ depends
on the ratio of the coarseness of the fractions of the grain compositions
of the soils coming into contact.

Then the value obtained, Jpxy, shculd be compared with the specific hydro-

dynamic conditions of the Seepage flow in the given structure or its member
(for example, in the first layer of the transitional zone of the core of a

dam, or in the foundation of the structure), in order to establish whether

there is erosion of the contact zone and seepage deformations.

The determination of the value of Jms for noncohesive and cohesive (clayey)
soils, depending on the coarseness of their granular compositions, is given
below.
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Figure 13. Contact Erosion of the Soil

a--coarse soll--fine soil; b--coarse soil--clayey soil; c--
fissured rock--clayey or fine soil; § ——angle between the
directions of the rate of seepage and the force of gravity;
D,--average diameter of the seepage pores of coarse soil;
d i-—diameter of (piping) particles of fine soil which may
b& removed by seepage flow upon contact erosion

(when J>JnQJ)'

a) Determining the critical gradients (rates) of contact erosion of non-
cohesive soils.

If two different noncohesive soils (or soil and fissured rock) come into
contact with each other, the critical gradient of erosion of the fine soil
and the size of the particles carried aw:zy with a diameter of d {;az* are
determined by the experimental ratio of G.Kh. Pravednyy: ¢

Jn‘-VIW"—(ﬂ-f- ua-)a-u- (a"+§:-). (34)

with the ratio of %‘1(0.7, Fig. 13,a; with the ratio dey »0.7, the erosion

D
o o
and removal of fractions of fine soil are impossible; ¢, , d . and #--the

designations are the same as in formulas (30) and (32). ct
The average diameter of the seepage pores of coarse soil, Do’ is determined
by the ratio (28).

*
When fine, unbound particles, d 3% are removed, the soil strength is not

disturbed; therefore, the valueSf the critical erosion gradient, J R

should be determined with the removal of fine fractions, the size o
which is dcfaaz, i.e., dc£>d32.
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When the critical gradient of erosion of fine soil on contact with fissured
.. rock is determined (Fig. 13,b), the ratio (34) may be used; except, however,
E that instead of Do in the given ratio (34), the value (predominant size) of
' the width of the cracks in the rock by, and ¢, = 0.35-0.40 should be substituted.

1 ‘ Formula (34) is justified if the Reynolds number, Re, pertaining to the
' average diameter of the seepage course in coarse soil, Do:

L/ P (35)

where kg--the coefficient of seepage of coarse soil, is determined from the
ratio (32), or k_ ~-the coefficient of the rock seepage; D —-is determined

by the ratio (2859

V--the coefficient of kinematic viscosigy of the water.
Note. When Re 20, the formula (34) can be used only for rough estimates, or
Jrag should be determined by experiment.

The critical erosion rate, 15»3, on contact: fine soil--coarse soil (or
fissured rock) may be determined according to the ratio:

where is the same as in the ratio (35); {qu--is assumed in accordance
with the ratio (34).

b) Determining the critical gradients of the contact erosion of cohesive
(clayey) soils.

When contacts may be encountered between cohesive (clayey) soil and coarse
material (Fig. 13, b,c), or with fissured rock, the cohesive soil may under-
go erosion.

The value of the critical gradient of erosion, Jxp , with contact seepage is:
cohrsive (clayey) soil with a plasticity number of W@5, coarse soil (or
figsured rock), may be determined from the experimengal ratio of G.kh.
Pravednyy:

1
Ak Vil (37)

where D:ax ~=in cm--is determined from the ratio (22) for coarse soil, with
D:a§{1.8 cm (when D:aﬁbl.B cm will cause the scaling of cohesive soil in the

pores of coarse material and contact erosion, when J>0).

This ratio (37) may be used to determine J4p on contagt: cohesive soil--

fissured rock (Fig. 13,c). 1In this case, instead of D , in the ratio (37)
the maximum value of the width of the cracks in cm should be substituted.




3.4. General Instructions for Calculating the Seepage-Piping Deformations
of Soils (from 3.3, paragraphs 2°, 3°, 4°).

On the basis of the calculations made (3.3, paragraphs 2°, 3°, 4°), for clear-
ness, the results of the calculations for each soil analyzed may be shown in
tke form of Table 3, from which can be seen:

Table 3 Soil

Jp) Z removal

e o ¢« o o .
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The size of the diameters of the piping particles from dP4X to d.j £3%, the
critical gradients of removal (or erosion), corresponding to the given
coarseness of the piping particles and the percent of their removal.

It thus appears possible to establish the limits of the local critical gradi-
ents of tke pressure of the mechanical piping, Jkp, and the contact erosion,
Jpas » at which the removal of the fine fractions should be d¢ig 3%, since,
depending on this value, the permissible piping or contact erosion gradients
(taking into consideration the safety factor) should be established for the
given soil, i.e., the conditions (20) and (21) should be fulfilled:

W <hen "

where J¢z1is the pressure gradient in the area of the element of the dam under
discussion, or its foundation, with which the seepage strength of the soil is
ensured; k;,; is the safety factor (which is established depending on the
category of the structure with respect to durability, danger of piping occur-
ring, and other conditions).

J kp

This method may be used in determining the permissible controlling pressure
gradient (Jy)gerr in the case of nonuniformity of the foundation of the struc-
ture formed by horizontal stratification of the individual soils (see 2.5,
paragraph 5°).

As the result of calculations made according to the method shown in (3.3,
paragraphs 2°, 3°, 4°), Jyon is determined for each layer of soil forming
the foundation, and for the least value of J;,» as the most dangerous with
respect to piping (interior and at the contacts), taking into consideration
Table 1, the corresponding value of (Jk)aaW' is assumed,




3.5 Determining the Destructive Heaving Gradients of the Soil and
Measures to Combat Local Seepage Heaving

1°., Mathematical formulas to solve problems related to soil heaving.

a) In an upward seepage flow, seepage heaving of the soil (breaking away and
shifting of a certain amount of soil) may take place due to suspending and
seepage forces, i.e., if in any area the vertical components of the hydro-
dynamic forces exceed the critical values and are not balanced by the

forces preventing heaving, the soil may heave.

The forces preventing heaving are the weight of the foundation soil and the
weight of the overload (drainage).

Consequently, the principal measure to combat soil heaving is overloading
it with a layer of drainage material.*

=]

Figure 14. Diagram of Soil Heaving

T--thickress of the overload layer; t--
thickness of the layer of soil which has
undergone heaving.

b) In work [3], R.R. Chugayev discusses in a general form the heaving of
the soil by an upward seepage flow, with an overload according to the dia-
gram shown in Figure 14, where the layer t is subject to the action of
seepage forces £¢ directed upward. In order to prevent heaving of the soil
abcg by seepage forces, this soil should be overloaded with a layer of
drainage soil, with a thickness of T.

In accordance with that indicated by Professor R.R. Chugayev, the following
equation [3] was proposed to solve the problems of soil heaving:

Tiap + tise = Aosa il (38)

*

There may also be structural measures, as, for example: a relief drain,
diminishing the slope, in case the depression curve emerges to its sur-
face (see below).
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where BZ is the volumetric weight of the suspended soil; n ~-the volu-
. metric we?ght of the overloading material (in dry or suspendea state);
k 3an -—the safety factor; t--the thickness of the layer of soil which has
undergone heaving; fg--the relative seepage force exerted on a unit of volume
of soil, the value of which is (according to K. Tertsaga):

Jo=1J, 39)

9 St S

vhere ¥ . is the volumetric weight of the water; J--the piezometric gradient
(pressure gradient).

The volumetric weight of the soil, suspended in the water is YBZB:
Tase = Yex — (1 — M)7e. ~

(40)

where Y is the volumetric weight of the frame of the (dry) soil; n—-the ‘
porosity in fractions of a unit. :

From the equation given (38), it appears possible to determine:
a) The critical gradient of the soil heaving with no overload;
b) The outlet pressure gradient with an overload:; t

c) The thickness of the overload layer, depending on the amount of outlet
pressure J .

c) The value of the critical heaving gradient Jk may be obtained from the
equation (38) if there is no overload, i.e., whéB T = 0 and k_w,— = 1.

With the gigen conditions, instead of (38), we will have) = f¢ or

TBZB =Y Jk . Substituting the values fg and Y 7 from (%? and (40), and

b Kk =A (?—n’, after simple transformations, we obtaig the formula for deter-

£ mining the value of the critical heaving gradient Jk in the layer of soil
L undergoing heaving, with no overload where the seepage flow emerges:

_J:.=I%—l)(l—n). (41)

where 4 1s the specific gravity of the soil particles; Y, --the volumetric weight
of the water; n--the porosity of the soil in fractions of a unit.

: g This formula (41) is in accord with the formula of K. Tertsaga, as well as
y f that of Ye.A. Zamarin,* J -(.f{l - 1) (1 - n) + 0.5n, but without the last
: i

member. A

Zamarin, Ye.A. '"Dvizheniye gruntovykh vod pod gidrotekhnicheskimi
sooruzheniyami" [Movement of Ground Waters Under Hydraulic Engineering
Structures], Izd. VNIKhI, 1931, 112 pages with illustrations.
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When determining Jip for fine sandy soils with an average particle size of
dg0=0.07-0.20 mm, the correction coefficient, A, should be introduced in
formula (41), as experiments have shown:

R » (A 1
| "o=(w-t)a-me “n
where & =0.90-0.95.

d) To determine the value of the outlet pressure gradient, J,, , with an
overload with the thickness of the layer T, the mathematical relationship
may be obtained from equation (38).

Assuming k,,., =1, and also considering that-zéiﬁ = Jﬁp, and solving equation
(38) relative to Jba’, we obtain: Ye

T Tnp
i o (42)

where the letter designations are the same as in equstion (38).

From the given relationship (42), it follows that the need for an overload
of soil for E?e foundat%pn where the seepage flow emerges is brought about
when Jy,, > Jkp, where Ji, is the critical gradient of the heaving for the
given soil of the foundagion, the value of which is determined according to
the relationship (41) or (4l1').

e) The thickness of the layer of the overload, T, taking into consideration
the safety factor, kga,s , may be determined from the relationship (42):

T=t¢ (Jnux - np) :‘% ‘ﬂ'b (43)
where it is recommended that the safety factor be assumed as kgzg, =1.2-1.5.
The relationships (38)-(43) may be used to solve problems related to

a) Determining the length of the underground contour of the dam;

e M

b) Determining the critical heaving gradients for the soils of the founda-
tion and embankment of the dam;

L]
¢) Determining the thickness of the overload (when Jk“,;>.Jkp) for the area
of the soil subject to heaving, etc. .

Methods are suggested below to solve these problems, as applied to hydraulic
engineering structures.

B e e e

2°., Measures to Combat Local Seepage Heaving
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. a) Heaving of the soll when the seepage flow emerges in the tailwater
(Figs. 15 and 16).




Heaving of the soil may appear beyond the limits of the underground contour
of the structure, when the seepage flow emerges in the tailwater, where a
drain should be placed, simultaneously fulfilling the role of an overload of
soil for the foundation (Fig. 15).

Figure 15. To Determine the Thickness of the Overload T.

J=-outlet fragment of the underground contour of the structure;
2--overload; h and h+jh--lines of even pressures; y --estimated
vertical for constructing the curve of the gradients J!=f(y);
Jgiy =£(x)--curve of the outlet gradients; Jk --critical gradient
of heaving for the soil of the foundation (wfih no overload);
lnp—-length of the overload.

The testing of the soil for heaving in the tailwater area should be done on
condition that the maximum outlet pressure gradient in the tailwater is
Jm>0.60—0.70 [2].

With the maximum value of the outlet pressure gradient in the tailwater:
T’ 3.2, (44)

where J B is the critical heaving gradient for the given soil of the founda-
tion, thg value of which is determined from the relationship (41) or (41'),
appropriate measures should be stipulated to prevent this undesirable
phenomenon.

When studying seepage (for example, by the EGDA method) in the embankment and
foundation of an earth or concrete dam, the curve of the outlet pressure
gradients is constructed, as was shown in Figures 15 and 16.
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. In order to ascertain the maximum values of the outlet pressure gradients,

.. the curves of the outlet gradients should be plotted for the area of the soil
of the foundation which is as nearly as possible adjacent to the line of the
surface of the bottom of the tailwater,

The curves of the outlet gradients make it possible to evaluate the strength
and stability of the foundation of the structure.

i
J
:
4
q
E: P
3 !
li
Figure 16. To Determine Soil Heaving %
a--downstream shell of earth dam with a drain triangle showing i
the lines of equal pressures and the curves of the outlet gradi-
ents; b--same, with sloping drain and output drainage ditch.
1. Determining the thickness and length of the overload. ]

Figure 15 shows the outlet fragment of the underground contour of the struc- ,
ture with the lines of equal pressures and curve of outlet gradients, i
Jo, =f(x).
8bx

Figure 16 shows: a) the downstream shell of the earth dam with a drainage

triangle, lines of equal pressures and the curve of the outlet gradients; b

b) the downstream shell of an earth dam with sloping drain and outlet
. ditch.
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To solve the problem of the thickness of the overload in the outlet area of

the seepage flow in the tailwater, where soil heaving is possible (when

Jacx” Jkp) s there must be a flow net, with the outlet of the seepage flow in

the tailwater, and the curve of the outlet gradients Jdux'f(x)’ as shown ‘
v in Figure 15. ’

An estimated "y" vertical is drawn in the outlet fragment of the underground
contour of the structure, through its end point (Fig. 15). On this estimated
vertical is plotted the curve of the distribution of the gradients at the
points of intersection of the estimated "y" vertical and the lines of equal
pressures (1, 2, 3...).

Figure 17 shows the curve J,=f(y), obtained at the estimated "y" vertical,
where, along the vertical "y" axis are drawn the distances from the surface ;
of the tailwater (from point A), y;, y2 and y3» corresponding to the deepen-

ing of points 1, 2 and 3 (Fig. 15, and along the axis Jy, the pressure gradi-
ents Jy], Jy2 and Jy3, corresponding to these points 1, 2 and 3, obtained as

the ratios

_Ah
J} -7-...

As a result we obtain, on the estimated "y" vertical, the curve for the dis- ;
tribution of the pressure gradients Jy=f(y).

Then from ghe relationship (41) or (41'), the value of the critical pressure !
gradient Jgp 1s determined for this specific soil of the foundation. '

From the value of Jﬁp obtained and the curve of the gradients Jy=f(y),
Figure 17, the thickness of the layer, t, is determined, corresponding to the
critical depth of the heaving zone, Ykp» where the pressure gradient is Jﬁp.

Knowing the value of t, the thickness of the layer of overload is determined
from formula (43)

= - I
T=t (Jyua— Tp) o Ryen,
where Yyp is the volume weight of the overload and may be in dry or suspended

state (in some cases, concrete slabs); ky#=1.2-1.5,

The length of the overload, 1,, (Fig. 15), may be determined from the curve of
tte outlet pressure gradients, J‘“’-f(x).

Knowing the value of Jﬁ » the value of which, as was shown above, is determined
from the relationship (21) or (41'), for the given soil of the foundation, 1its

value is drawn on the curve J‘u,-f(x), and is determined on a scale of Xkp
along the "x" axis,
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Figure 17. Curve J =f(y) on the Estimated Vertical, "y" (to Determine the
Thickneds of the Layer, t, Corresponding to the Depth of the
Heaving Zone)

1, 2, 3-~points of intersection of the estimated "y" vertical
) with the lines of equal .pressures (Fig. 15); y., V.5 ¥y,
corresponding deepenings of the points 1, 2, 3 from thé sufface
of the tailwater.

The length of the overload from the impervious part of the outlet fragment of
the structure in the direction of the "x" axis, taking into consideration the
safety factor (ksan),'will be: '

It shculd be noted that, depending on the composition of the soil of the founda-
tion, the granulometric composition of the overload in the zone of contact with
the soil of the foundation should be chosen according to the principal of the 1
reverse filter (Fig. 15):

a) For protected cohesive (clayey) soil of the foundation with a plasticity ~
number of W »3-5, the granulometric composition of the material of the over-
load (in the contact zonme) should satisfy the following condition:

iy et wdd TS

(46)
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where D:ax is the maximum diameter of the pores of the overload, determined
from the relationship (22); J,,,~-the heaving gradient, with the outlet of the
geepage flow to the taflwater {Fig. 17).-
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b) For protected noncohesive (friable) soil of the foundation, the granulo-
» metric composition of the overload material (in the contact zone) shculd
satisfy the condition of a nonfreeflowing quality [6],

¢ 2. Overload Drainage

In 3.2, paragraph 3, it was noted that in the practical work of hydraulic
engineering there may be a variant when the dam is placed on a relatively
thin layer of clayey or almost impervious soil, and under it lies a layer

of soil with relatively high perviousness, Fig. 12,a: layer l--clayey,
layer II--sandy. In this case, due to the seepage flow, local seepage heav-
ing may take place at the surface of the bottom of the tailwater relative

to the thin almost impervious layer of soil--I, Fig. 12, a and 18.

The clayey layer of soil (2) in the tailwater (Fig. 18) will be subject to
heaving with a sufficiently highk value of the pressure gradient.

Figure 18. Soil Heaving Into the Tailwater

l--embankment of the dam; 2--thin layer of clay, thickness of
tcl; 3--overload drainage; &4--overload layer, thickness T;

Dzax —-maximum size of seepage pores of overload material.

B — In reality, if one disregards the losses of pressure in the sandy layer II
at the width of the dam base (Fig. 12,a), the acting pressure on the struc-
ture is distributed on the layer of clayey soil: for the input--at the head-
water and the output--at the tailwater. Moreover, a pressure value of ap-
proximately 0.5Z will be lost at each of these sections.

Consequently, the clayey layer of soil with a thickness of ta in the tail-
water will have a heaving gradient

' Jm% o;bz., (47)
ca
4 ' ' where Z is the pressure on the structure.
*
§ Jg¢in 18 assumed from the results of the seepage studies (calculations), and
oo, for rough estimates, from formula (47).
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In this case, to prevent inadmissible heaving, a vertical relief drain must
be installed in the tailwater area, as shown in Figure 18.*

With a drain of this type in the tailwater, the outlet pressure gradients
are practically removed, thus eliminating the danger of soil heaving,

Note. The diameter and design of relief wells for vertical drainage and
their arrangement (spacing) are determined from the results of seepage
studies, taking into consideration the hydrogeological and other conditions.

Figure 19. Soil Heaving With the Outlet of the Depression Curve on a Slope

a--point of emergence of the depression curve on the slope;
B--zone of local seepage heaving; « —~angle of incline of the
lower slope toward the horizon; my=ctg & ~-coefficient of the
lower slope; D@X--maximum size of seepage pores of overload
material.

b) Soil Heaving When the Seepage Flow Emerges on the Slope

If there is no drain at the downstream shell of the dam, or when the drain
of the downstream shell of the dam is silted up (or obstructed during the
runoff of water along the slope), the depression curve may be wedged out to
tte surface of the lower slope of the dam, Figure 19, Here, in zone B, due
to the seepage forces, local seepage heaving of the soil may occur, as the
result of which the strength and stability of the lower slope will be dis-
turbed.

*
Constructing an overload in this case, with sizeable outlet pressure gradi-
ents, is not advisable, since its thickness may reach several meters.
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The soil in the B area should be considered stable if the following inequality
is satisfied [3]:

N T (48)

where gis the angle of internal friction of the soil.

If the inequality (48) is not satisfied, to ensure the stability of the slope
(soil in the B zone, Fig. 19), one must:

1) Either increase the declivity of the lower slope, i.e., reduce a--the
angle of incline of the lower slope toward the horizon;

2) Or cover the surface of the slope with a layer of pervious overload
(Fig. 19).

Here the granulometric composition of the overload (D° or D:ax) should be
such as will satisfy the following conditfon:

1 49
""T,.—.-"P“" (49)
where J =sin& --maximal estimated pressure gradient (Fig. 18); k__=1.10-1.20
--safetg factor; J___--critical gradient of erosion of fine or c5hlsive soil
on contact with coggge material, is determined: a) for noncohesive soils
according to the formula (34); b) for cohesive soils by the relationship (37)
see 3.3, paragraph 4°.

Condition (49) should be satisfied also, when designating the granulometric
composition of the first layer of the filter for a sloping drain of the
lower slope of the dam.

3.6 Normal (Local) Seepage Strength of Soil in Drainpipe Area

A pipe drain is installed mainly at the bottom sections of the dam when
there is no tailwater behind the drain. Depending on the location of the
pipe drain with respect to the axis of the dam, as well as its ability to
"divert" to itself the depression curve, sizeable input pressure gradients
may be concentrated in the drain area.

If the soil of the foundation or the embankment of the dam is piping soil,
due to the sizeable input pressure gradients, piping may occur in the drain
area, as a result of which piping fractions may be carried away from the
soil mass of the foundation and the embankment of the dam to the drain tri-
angle, which may cause inadmissible settling and silting of the drain.

If the filter is carelessly chosen, in the drain triangle area the soil may
silt, which may cause a disturbance in the work of the drain--a rise in the
depression curve and seepage of the flow to the slope.
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In order to prevent these undesirable phenomena, in addition to the correctly
chosen composition of the filters [6], the appropriate dimensions should also
be planned for the drain triangle, for depending on its dimensions are the
amount of input pressure gradients in the drain, the normal work of the

drain and elimination of these undesirable deformations.

The value of the input pressure gradient to the drain triangle depends on the
seepage rate entering the drain, the coefficient of seepage of the soil of
the foundation or embankment ofi the dam and on the area of the active sec-

. tion of the seepage flow, when it enters the drain triangle (Fig. 20).

Figure 20. Pipe Drain
l--depression curve; a--greatest depth of freezing; 2--drain

triangle; 11+12+1 +1A+15=L--wetted perimeter of the drain
triangle; k'-- oe%ficient of seepage of the foundation soil.

Assuming that in the drain area the seepage proceeds in a unilateral flow,
this relationship may be expressed according to the Darcy formula:

: (50)
o=

where Qis the seepage rate, in m3/sec; --the coefficient of seepage of the
s0il of the foundation or embankment of the dam, in m/secj;w --the area of
the active section of the seepage flow, entering the drain and relative to

1 linear meter of the drain;al-lL-1(11+12+1 +1 +15), where L=11+12+13+14+15
--the wetted perimeter of the drain trianglg (ﬁig. 20), on the siZe df which
the amount of the input pressure gradient Jax mainly depends.

In order to avoid the above deformations of the soil in the drain area, the
dimensions of the drain triangle should be such that the input pressure
gradient Jg will be less than or equal to the permissible, i.e., the basic
condition snould be satisfied (20):
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where kza =]1,10-1.20--the safety factor; J '--the critical gradient of the

_ pressure %or the given soil of the foundat*on, is determined from formula .
N (29), with dcf d32'

l Notes: 1. With nonpiping soils of the embankment and foundation of the dam,

: the value of the input pressure gradient to the drain triangle should be

E’ Jg,$0.70-0.75.

2. The above recommendations may be used to calculate the drainage ditch, i'
the drain triangle, etc.

3.7. Deformation of the Upper Slopes Due to Wave Action

The most widespread types of slope coverings against wave actior at present

are coverings made by monolithic reinforced slabs with large planned dimen-

sions (10X10 or 20X20 m) or coverings made of precast slabs (hinged together), 3

with the planned dimensions from 1.5X1.5 to 5.0X5.0 m, placed on a solid E o
filter preparation. i

In addition, coverings made of riprap are widely used. Riprap is also placed
cn the layer of solid filter preparation (Fig. 21).

Figure 21. The Problem of Deformation of the Upper Slopes Due to Wave Action

l--embankment of the dam; 2--upper covering of the slope (stone or
reinforced concrete slabs); 3--a layer of filter preparation;
4--wave run-up; 5--angle of incline of the upper slope toward

the horizon; J, =k,J --estimated gradient of the pressure with
pulsed seepage conditions.

‘ With the rise and fall of the wave a pulsing seepage arises in the filter
preparation layer, due to which the strength of the soil of the dam slope and
the upper covering may be disturbed, and as a result, the stability of the
slope itself.
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To avoid undesirable consequences, the planned or selected filter preparation

made of run-of-bank or artificially obtained soils should be checked for con-

tact erosion of the upper slope of the dam, if there is a condition of pulsat-
ing longitudinal seepage (from the rise and fall of the wave) in the layer of

filter preparation.

The filter preparation will be a reliable protection against contact erosion
of the slopes of the dam with pulsating conditions of longitudinal seepage,
if the following condition is satisfied:

rae J§ <0,75),, _ (51)

wherz {;-the estimated pressure gradient with pulsating seepage conditions:

(52)
= oy,

where kp--the coefficient taking into consideration the pulsating conditions
of longitudinal seepage (with respect to the eroding pressure gradient, with
uniform established longitudinal seepage); kp=1.13-1.50 (for calculations it
is recommended that the average value of ks=1.35 be used); Jy--the gradient
in the layer of filter preparation on contact with the soil of the embank-
ment of the dam:

Yo = simg, (53)

wheref, is the angle of incline of the upper slope toward the horizon
(Fig. 21).

The value of Jkp is determined:

a) For the noncohesive soil of the embankment of the dam, from the relation-~
ship (34);

b) For cohesive soil of the embankment of the dam, from the relationship
(37).

If condition (51) is not satisfied, the granulometric composition of the
filter preparation should be changed (toward a reduction in its coarseness).

Note. The seepage-piping strength of the filter preparation itself may be
checked according to the method indicated in 3.3, paragraph 3°,

3.8. Seepage Strength of Impervious Devices: Blanket, Facing, Core of the
Dam

The impervious devices in the dam embankment are installed in order to:
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a) Reduce the seepage rate of the water entering the tailwater;

b) Lower the depression curve in the lower part of the dam to increase the
stability of the lower slope of the dam;

¢) Reduce the pilezometric gradients of the seepage flow in the dam embank-
ment to increase its general (random) and local (normal) seepage strength.

Especially when the soil from which the dam is made is piping soil. In this
case it is compulsory to set up watertight devices.

Watertight devices (blanket, facing, core), however, will fulfill their
positive role if their seepage strength is ensured, i.e., in the process of
operation there will be no layering off of clumps of particles of cohesive
soil or the soil of the facing (core) to the pores of the soil of the dam
triangle or the first layer of the filter under given specific hydrodynamic
conditions and with the contact of coarse soils.

In this case the dimensions (thickness) of the watertight devices should be
designated (or verified) for the granulometric composition of the coarse soils
in contact (underlying blanket or soils coming into contact with the facing,
the core of the triangle of the dam or the filters).

The seepage strength of cohesive soil with a plasticity number of W2>»5 of the
blanket, facing and core will be ensured if, with the dimensions (thickness)
adopted, the following conditions are satisfied:
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a) For the blanket

S g < Iy (54)

where J; is the maximum controlling pressure gradient for the soil of the
blanket and is determined as indicated in 2.5, paragraph 4°, Fig. 9; h,--
the loss of pressure along the length of the entire foundation of the blanket
(see 2.5, paragraph 4°), Fig. 22; 87 ——the thickness of the actual blanket;
J,--the permissible estimated pressure gradient of the underlying layer of
soil, under the blanket:

..I,=—:-[-(3-$..'§:T),-—l]. (55)

The value of the coefficient P

03
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) is the maximum size of the seepage pores of the soil underlyiﬁgxthe

blanket (Fig. 22), and is determined from the relationship (22); Do £
£0.583 cnm. '

Figure 22. Calculating the Seepage Strength of the Blanket, Face

h,~~loss of pressure along the length of the entire foundation of
the blanket; 5,-—the thickness of the actual blanket; z--the

. pressure exerted °“m§§e dam; §,--the thickness of the face
(below point "C"gi Do --the underlying soil, with a maximal

pore size of Dz

If condition (54) is not satisfied, either the thickness of the blanket 5}
should be increased, or an ad%%%ional underlying layer of soil 0.370.5 m
thick with a lower value of D should be placed under the blanket, i.e.,
with a finer granulometric coﬁposition.

b) For the facing shield

Z
—& o
h=gy < (56)

where J, is the pressure gradient exerted on the face; Z--the pressure
exerted on the dam; &, --the thickness of the face (below point "C" and
shown in Figure 22).

If there is no water in the tailwater (point "C" lies on the surface of the
foundation), the value of the pressure gradient exerted on the face is:

/.'..,;.‘Lg, ‘ (57)

‘
4 . where h, is the depth of the water in the headwater (Fig. -2); 8, -~the
, ' tgggkness of the face along the bottom (normally for the axis of the face).
3 : Do , included in the formula (55), may be included in the soil of the
’ . triangle of the dam, if there is no filter on the lower side of the face,
or in the soil of the first layer of the filter, if there is one.
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¢) For the core

.’.=(g¢ (-’pn

(58)

where Jg is the maximal pressure gradient of the core of the dam on the
water level of the tailwater; & --the angle of incline of the lower edge of
the core to the horizon_ (see Fig. 12,b), J --is determined according to the
formula (55), where D"** is the maximal sile of the seepage pores of the
soil of the dam embanfment (if there is no filter) or the soil of the first
layer of the filter.

Depending on the pressure on the structure, Z, may be determined the thick-
ness of the clay face (core) of the dam, required by the conditions for
seepage strength, according to the relationship:

u=%, (59)

where Z is the pressure exerted on the structure; J_ is determined accord-
ing to formula (55). P

The conclusive solution to the problem of the thickness of the clayey face
(core) should be made by comparative technical-economic calculations in each
specific case, taking into consideration all the requirements imposed on

the faces (cores).

3.9. Seepage Strength of the Soil of the Core (Face) in the Contact Zone
(With Contiguity) With the Rock of the Foundation

In practical hydraulic engineering, particular attention should be paid to
the contiguity of the material of tke core (face) and the foundation, which
may be made in the form of a concrete base, a concrete plug (in a river bed),
and natural fissured rock (cemented or noncemented).

In the zone of contiguity, i.e., at the contact of the material of the core
(face) and the foundation, with unfavorable conditions [poor quality (un-
compacted) placing of the soil of the core or face, formation of cracks,
etc.], intensified contact seepage may take place (see Fig. 12,b; J. ), as
the result of which there will be a disturbance in the strength of the
material of the core or the face, which may lead to undesirable consequences.

In order to ensure the seepage strength of the material of the core (face)
in the zone of contiguity with the rock of the foundation, concrete base

or concrete plug, a higher quality composition must be chosen from the same
material for the core (face). Therefore, in designating the "zone of
granulometric composition of the soil of the core (face) of the dam, suit-
able for placing adjacent to the foundation," (Fig. 23, "Zone /"), this
planned or chosen granulometric composition of the material of the core
(face) must satisfy two basic concditions:
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Figure 23. The Problem of Contiguity of Material of the Core (Face) and
the Foundation

a--Zone M1--the "zone of a granulometric composition of the soil
of the core (face) of the dam suitable for placing adjacent to
the foundation"; B./l. --upper limit of the granulometric composi-
tion of the soil of Zonef; N./1--lower limit of the granulometric
composition of the soil of Zone/7; - - - (dotted line)--the lower
limit of the granulometric composition of the soil placed in the
core of the dam (not in the zone of contact); d —-diameter

D

]

of the fractions of soil of the lower limit of %one rpand placed
in the core of the dam (away from contact with the foundation);
dgr -—estimated size of the fractions of soil B.M. of Zone /7;
b--diagram of the crack in the rock (or concrete) foundation;

by --width of the chink (crack).

1. The lower limit of the granulometric composition of the soil of Zone /7
(Fig. 23, a; NM), placed in an uncompacted state (which may occur in the
zone of contact under production conditions), with respect to perviousness,
should be less than the packed soil (away from the zone of contact) of the
embankment of the core or face of the dam. The lower limit of the soil of
Zone /1, in its granulometric composition, should be of a finer granular
composition than the soil of the lower limit of the core of the dam (Fig. 23,
a; dotted line), placed in its mass, i.e., with respect to perviousness, the
following condition should be satisfied:

&
;::!; x2-5 ¢ (60)

where k, ; --the coefficient of seepage of the soil of the lower limit of
Zone M1, with minimal volumetric weight (at a plasticity limit of WT).

The minimal volumetric weight of the soil Yck in the zone of contact should
be:
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where 4 is the specific gravity of the particles of soil (g/cma); ET——the

coefficient of porosity at the limit of flowability, WT:
AW,

= Tooy, (62)

where Y, is the volumetric weight of the water &1 g/cms.

For rough estimates the condition (60) may be presented in the following
form (Fig. 23,a):

-

Dhw_ o
S —— 2—5.
H». n) (63)

where dl7 ) )is the diameter of the soil fractions of the lower limit of
Zone /7. IS”""’7 --the diameter of the fractions of the lower limit of the soil
i placed in %ﬁé &ass of the core of the dam.

2. The granulometric composition of the material of the core of the upper
limit of Zone/7 (Fig. 23) should be designated by calculating so as to ensure

R the impossibility of being washed away along the existing cracks or those
expected when the structure is being operated.

This condition is expressed by the following relationship:

‘uu.'.,>o:su., (64)
herice

Ab.<l,u.“_.,, 65) '
where d fg'”' a is the diameter of the soil fractions of the upper limit of

Zone /1 ?? 23, a and b), b --the prevailing size of the opening of the
cracks in the rock of the foundation and in the concrete base (plug).

Consequently, the upper limit of the granulometric composition of the soil of
Zone /1, designed for placement in the contact zone, should be designated on
the basis of the conditions of the tendency of the rock of the foundation to
crack (prevailing size of the existing cracks) or in consideration of the
possible crack formation during operation of the structure,

In addition, to obtain the best contiguity of the soil of the core and the
: surface of the foundation, the soil of the core should be placed in the zone
; of contact by the "method of pouring the soil into water."

e

The width of the contact layer at the junction with the foundation should be
3-4 m along the perpendicular to the surface.
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When the soil of the core of the dam is laid “dry" in the zone of contact

N it should be placed with 2-47% more moisture content , as opposed to the
optimal.
. When the above conditions are fulfilled, reliable union is ensured between

the soil of the core of the dam and the foundation, i.e., the seepage strength
of the soil of the core (face) of the dam is ensured in the zone adjacent

to the cracked rock of the foundation, the concrete base and the concrete
plug.
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PART 4
EXAMPLES OF CALCULATING LOCAL SEEPAGE-PIPING STRENGTH
OF THE SOIL OF THE EMBANKMENT OF THE DAM
AND THE SOIL OF THE FOUNDATION

Example 1. A homogeneous dam is built up from the sand of the foundation--
layer 1. A sandy layer--l--lies in the foundation of the dam, and layer 2
is a sand-gravel layer; Fig. 21,a, area A.

To Be Determined Are:

a) The tendency for piping (lack of piping tendency) of the soil of the
embankment of the dam and the soils of the foundation;

b) The critical piping gradient, permissible;
¢) The eroding pressure gradient in the zone of contact.
Composition of the Soils

a) Soil of the embankment of the dam and layer 1 of the foundation:
d ., =0.01 mm; d,=0.02 mm; d,.=0.10 mm; d.,.=0.14 mm; d_, =1.0mm; d  =3.0 mm;
min 3 10 17 60 max

volumetric weight'yck=l.77 g/em™; coefficient of variation in granular size

Qaggg = 10; porosity n=0.33; coefficient of seepage k'-0.012 cm/sec.

b) The soil of layer 2 of the foundation:

Dmin=0.20 mm; D10=0.31 mm; D17

of variation in granular size‘z”-9.7; porosity 7‘-0.33; coefficient of seep-
age k’ =0.12 cm/sec.

=0.44 mm; D, =3.0 mm; D =20.0 mm; coefficient
60 max

1) We determine the piping tendency of the soil of the dam embankment and
of the soil of layer 1 of the foundation (embankment of the dam is built up
from the soil of layer 1 of the foundation).

AU g . h 8 PNt L
¥ ‘3:8;‘{8 -:";4?.‘;3 PR 5‘ -
IR e Lo

AL

UQEINIRRSE 1Y




AW Y S e T AT P SN e e ST RS SRR SO T L L T T A L S !‘-!ia. e

According to the relationship (22) we determine the diameter of the maximal
seepage pores in the soil

0" = 0455 /7 1=, 4y = 0455-1,50 ;/1‘6,—%0.14 = 007 4.

The coefficient of nonuniformity of the distribution of the particles in the
soil or the coefficient of localization of the piping, x, is determined from
the formula (23)

x=1+0.057=1+0.05'10=1.50

The maximum coarseness of the particles which may be carried away from the
soil is determined from formula (24):

d19*=0.77d32*=0.77-0.07=0.54 mm

This soil contains 8% (>3%) particles smaller than 0.054 mm, and consequently
this soil should be considered as piping soil.

2) Ve will determine the value of the critical piping gradient at which the

pigxng particles (d_,) may be carried away from the soil, beginning with
and less (d < *)

The value of the critical piping gradient is determined from the relationship
(29)

Sop= it |/ 3E. (29)

where is the coefficient of the critical rate, and is determined from
formula® (30):

After substituting the values in (29), we obtain

Jup = 0,079, &V_mrﬁ-%rﬂ - 1274

*

By substituting the values of d in (29'), from d and less, we obtain
the value of the critical piping gradient for each®3ize of the piping parti-
cles (from which the % of removal may be determined).

a) If d -O 054 mm =0,0054 cm is substituted in (29'), we obtain:
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Jkp=127°0.0054R90.70

.. i.e., for a particle removal dT§¥=0.054 mm (8%), a pressure gradient of
J 0.70 is required.

b) To determine the pressure gradient at which the strength of the soil will
not be disturbed, dc11:3z should be substituted in (29'), i.e., d;§=d3=0.02 mm
=0.002 cm.

4

After the substitution we obtain:
" Jyp=127-0.002=0. 254

Consequently, in order to avoid dangerous mechanical piping occurring in the
given sojl of the dam embankment and in layer 1 of the foundation, the per-
missible pressure gradient in it, taking into consideration the safety
factor (k,), should be:

1 1 _
Jyon € EJkpsl—.—l_O 0.254=0.23

When the embankment of the dam and the foundation are checked for random
(general) seepage strength of the soil, the permissible controlling pressure
gradient (J )4»> determined from Tables 1 and 2, should be greater than or
equal to the permissible, i.e. k

Uk dyor 2 Iom (a) |

e ) "

Let us determine the piping tendency of layer 2 of the foundation soil. *

According to the relationship (22), we determine the diameter of the maximal
seepage pores in the soil

D:“=Q‘“'|.ﬂ;/§7]%;:ﬁo.‘l =022 ma; :

v=14005'=1 -005.97 = 149, :

The maximal coarseness of the particles which may be removed from the given
soil is determined from formula (24):

dR§%=0.77D8%=(,77.0.22=0.17 mm

According to the relationship (25), if the maximum size of the piping parti-
cles, dp$X is less than the minimum size of the soil particles, D®iN  ye have !
in this case, 1i.e.

d2§x<pPin 0,17 m<0.20 m) :

; the given soil (layer 2 of the foundation) is nonpiping soil. Even the
p: ! finest of its particles cannot be removed from its composition with any 3
o ! pressure gradient value. i
i Y

Consequently, the seepage strength for it, with respect to mechanical piping,
will be ensured under any hydrodynamic conditionms. .
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4) Determining the erosive pressure gradients in the zone of contacts.
In this example it is assumed that the soil of the embznkment of the dam
an¢ layer 1 of the foundation soil are identical, Consequently, the contact
seepage will occur between layers 1 and 2 of the foundation (Fig. 12, a,
\ area A).

The critical gradient of contact erosion of noncohesive soils is determined .
from the relationship (34):

—_-%(2.3+15‘ﬂ)‘ﬂ-:m: (aou- -';)

where ¢, =1 is the coefficient considering the shape and roughness of the
particles; d -0 02 mm--the size of the particles of fine soil of layer 1
of the founda%ion, contained in it in an amount of 3% and less, with the
strength of the contact zone not disturbed from their removal; D --the aver-
age diameter of the seepage pores of the coarse soil of layer 2 8f the
foundation, determined from the relationship (28):

Dy = 0455 )+ 1_ Dy = 0455 .’W—‘mo.«-o,u »y;

f —-the angle between the directions of the seepage rate and the force of
gravity.

After substituting the values in (34), we obtain:
1 002\ 0,02 90°
Ipes = T(2‘3+ 15m) o-'l—‘sln‘(w-k T)-0.42.

The permissible erosive pressure gradient, taking into consideration the
safety factor, will be:

1
(J a3 Iwon <k Jpﬁ 0.42=0.38

From the calculations shown it follows that for the estimated permissible
controlling pressure gradient for the given case, the minimal piping gradient
should be assumed in accordance with the relationship (a), i.e.

Example 2. The dam has a pipe drain (Fig. 12, a and Fig. 20). For this
3 type of drain there must be a determination of the size of the drain tri-
5 J angle, 1f the soil of the embankment and foundation of the dam has the
- i physical characteristics assumed in example 1.

Paragraph 3.6 states: 1in order to avoid deformations of the soil occurring
in the drain area, the dimensions of the drain triangle should be such that

N the input pressure gradient J‘r will be less than or equal to the permissible,
i.e.

. J < Jgon = . = I




From example 1 we have Jg,r = Jkp = 0.23, and consequently, Jk‘<70.23. ?

Kyen

To determine the dimensions of the drain triangle, determination should be
made, from the formula (50), of w ~-the area of the active section of the
seepage flow, entering the drain triangle and related to 1 linear meter of
the drain (Fig. 20):

=1- t Q
e=1L ‘pn' (b)
Mathematical data:
Seepage rate to the drain, Q=0.093 1/sec=8.0 m3/day.

Coefficient of seepage of the soil of the embankment (and the foundation) of
the dam, k,-0.012 cm/sec=10.4 m/day;

The input pressure gradient should be less than or equal to the permissible,
and we assume J =J, ., =0,23.

After substituting the values in (b) we obtain (Fig. 20):

wel.loQ . 8:0

2
kfl,, 10.4:0.23 3.35m

hence
L=11+19+13+1;+15=3.35 m. N

With the given size of the wetted perimeter of the drain triangle, the input
gradient Jg, will be equzl to the permissible, Jﬁar‘

Individual sizes of the drain triangle according to Fig. 20 may be designated:
11=0.10 m
1,=1.20 m
13=1.00 m
14=1.20 m
15=0,10 m
L=3,.60 m

Example 3. A concrete dam is placed on a sand foundation with the following
basic physical characteristics of the soil:

Volume weight of the dry soil Yck=1.77 g/cm?;

Porosity, n=0.33;




Specific gravity of the material of the soil particlesd =2.65 g/cm3;
Pressure on the dam, Z=20 m,

Figure 15 shows the outlet fragment of the underground contour of the dam

with the lines of the equal pressures and the curve of the outlet

pressure gradients JA“ =f(x). The lines of the equal pressures are plotted
X .

through 0.1 Z.

The maximal value of the output pressure gradient in the tailwater (according
to the seepage studies) corresponds to the value J&mﬁsl'58°

To Be Determined Are:
a) The critical gradient of heaving for the given soil of the foundation;

b) The thickness and length of the overload in the area where the seepage
flow emerges into the tailwater.

To solve the above problems, the instructions given in paragraph 3.5, 2° (1)
should be used.

1. Determining the critical heaving gradient, J B for the given scil of the
foundation if there is no overload where the seepage flow emerges into the
tailwater.

The critical heaving gradient is determined from the relationship (41):

J;,=(i 1)(| —n)= (2"" - l)uA-o.aa)- LI%

Y
rae A =265 2cur; 7, 1.0 2 e’ n =033,
where -

The value of {“I>J B (1.58 1.10). In this case an overload should be in-
stalled in the area where the seepage flow emerges to the tailwater.

2. Determining the thickness and length of the overload. The thickness of
the layer of the overload T is determined from the formula (43):

B\ Ys
T=t (wa "Jkp)‘Y'LP'kJ‘ﬁ-

We will determine the values included in formula (43).

t is the thickness of the layer of soll of the foundation, corresponding to
the critical depth of the heaving zone, and is determined according to the
method given in paragraph 3.5, 2°(1).




An estimated "y" vertical is drawn at the outlet fragment of the underground
contour of the structure, through its end point, as shown in Figure 15.

7 On this estimated vertical is constructed the distribution curve of the
. gradients J=f(y) through the points of intersection of the "y" vertical
with the lengths of the equal pressures (points 1, 2, 3...).

For the example given for Figure 15, the distances along the vertical from
the surface of the tailwater (from point A), corresponding to the deepenings
of points 1, 2, 3..., the pressures and the gradients will be:

y1=l.6 m +Ahy1~2 m-’Jyl-l.ZS

yZ'A.Z m-»Ahy2=4 m+Jy2=0.96

y3=6.8 m+4hy2=6 m>J, =0.88

Y2

f The curve Jy=f (y) is constructed according to the data obtained, as shown in
Figure 17.

T13e thickness of the layer, tsylfp, is determined from the value obtained for
Jkp =]1.10, drawn along the axis Jy (Fig. 17).

8
In this case t=2.50 m; Ju,, =1.58; Jy, =1.10;Tam1 t/m3; 7;,, =1.80 t:/m3
(volume weight of the material of the overload); kJur =1.50.

After substituting the values in (43), we obtain the thickness of the layer
of the overload

3 1
3 - T 2'50(1'58_1'10)173-61'50 1.0m

The length of the overload, b,,, is determined from the curve of the outlet

ai I =f(x) r
gradients Jo  =f(x).

Knowing Jy,=1.10, we find on line Jpsep = (x) the point corresponding to Jip=
=]1.10, and on the scale we determine xkp-3 m, taking into consideration that
ko 7 =1.5, we obtain

l,,/, 'kjuv xkp=1.5-3-4.5 m

Note: 1. The material of the overload may be in dry or suspended state (if
there is water in the tailwater),

2. The material of the overload in the zone of contact with the soil of the
foundation should be placed according to the principle of the reverse filter.

Example 4. A relatively thin clayey (1) layer of soil, t_, =4 m thick, lies

et M iy . v~y

at the foundation of the dam (Fig., 12,a, area B; Fig. 18). The second layer *
DoLe (2) 1s sand and gravel. The pressure exerted on the dam is Z=(YUVB-PUNB)=
=20 m.

ek -~ -
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In this case it is required that:

* g a) The layer of clayey soil of the foundation in the tailwater area be
checked for local seepage heaving;

b) The appropriate measures be outlined to ensure the seepage strength of
the soil of the foundation when the seepage flow emerges into the tailwater.

1. Let us determine the active heaving gradient in the tail water for the

layer of clayey soil t.,=4 m thick, in accordance with the approximate
relationship (47)
~0.5Z2 0.5-20

Jeu”rtcl 4

2.5 .

For the given clayey soil of the foundation, the critical heaving gradient
(if there is no overload) is:

A 272 —
S = (f: — 1)(1 —-n)= (_T"’ l)(l —0,37) = 1,08, .

-~ an

where 4=2,72 g/cm3--the specific gravity of the particles of the clayey soil;
v Y.<l g/cm”--the volumetric weight of the water; n=0.37--the porosity of the
c?ayey soil,

From a comparison of the gradients, we have:

a
Jgn>Jkp (2.5>1.08),

which indicates the need to protect the clayey soil from heaving in the tail-
water area.

2. Selection of the measures to ensure the seepage strength of the soil of
the foundation in the tailwater area.

To ensure the seepage strength of the clayey soil of the foundation in the
tailwater, two variants of the measures (Fig. 18) may be outlined:

1) Overload with a layer of coarser soil, of appropriate thickness and
length;

2) Installation of a vertical cverload drain.

In this case, with a heaving gradient of J heav-2.§, the thickness of the

layer of the overload required (when‘ﬁv,=1.75 t, m and n=0.34), if there is
no water in the tail water, is:

d 1
T'tcl(Jwy“Jkp)%;—k’u,=4(2.5-1.08)1—.—7-3"1.5-5 m

‘ When there is water in the tailwater, and when the overload material is sus-
: pended, i.e., when

Yoo, =Yek-(1-n)Yy=1.75-(1-0.34)-1=1.09 t/m3

i




The thickness of the overload is

T-4(2.50—1.08)-il—0—9- .1.5=7.8 m.

Obviously, in this case a vertical relief drain must be installed (Fig. 18).

The conclusive decision may be made as the result of a technical and economic
comparison of the variants.

Example 5. A rock-earthfill dam with a loamy core is installed in a narrow
canyon on a fissured rock foundation, Fig. 12, b,

In order to ensure the seepage strength of the material of the core in the
area adjacent to the fissured rock of the foundation, the highest quality
composition of the soil must be chosen from the material of the core to place
in the contact zone.

Figure 23 shows the "zone of granulometric composition of the material of the
core of the dam," outlined below by a dotted line and above by a solid line

am.

The content of clay particles, d <0.005 mm, varies from 5 to 15%.
The maximum fractions are:

a) The lower limit of the zone (dotted line)--100 mm;

b) The upper limit of the zone--6 mm.

The predominant size of the width of the cracks in the rock of the founda-
tion is bq-l.S mm.

The recommendations given in section 3.9 should be used as a guide to select,
from the same composition of core material, a higher quality of its composi-
tion, suitable for placing in the zone of contact with the fissured rock of
the fourdation.

1. Determining the lower limit of the granulometric composition of the soil
of Zone /T (Fig. 23, aA/M).

a) The minimal volume weight of the soil, chk' placed in the zone of con~
tact, should be:

A
T’ > T+ (61)

In this case we have:

The specific gravity of the material of the particles of the soil of the core
A=2.70 g/cm3;
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The upper limit of plasticity W;=35.5%;

The volume weight of the water 7;:'1 g/cm3,

T
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A The coefficient of porosity at the flowability limit Wr is determined from
formula (62): o,
. AW, 270.355 '
= T0, =TT = 0%,

After substituting the values in (61), we obtain:

2.70

]
k' 170.96

=1.38 g/cm3

b) The lower limit of the granulometric composition of the soil of Zone 77

should satisfy the condition (63):

"Dt =z 2-5,

s (w. m)

where D17(1)=0.05 mm is the diameter of the fractions of the lower limit of
the soil, placed in the mass of the core of the dam (away from the zone of

contact); Dj7(4.n )=0.02 mm—-the diameter of the soil fractions of the lower i

limit of Zone .
After substituting the values in (63), we obtain:

0.052 _
o037 = 625

condition (63) is approximately satisfied.

of Zone /7 (Fig. 23, b).

2. Determining the upper limit of the granulometric composition of the soil ] i

The upper limit of the granulometric composition of the soil of Zone 77 is

designated on the basis of the conditions of the degree of cracking of the
rock of the foundation (predominant size of the width of the cracks) or the
expected degree of cracking (concrete base, plug) when the structure is in

operation.

In this example the predominant size of the cracks is hqfl.S mm.

The nonerosive nature of the soil of the core of the dam along the cracks will

be ensured if condition (65) is satisfied, 1i.e.

. bqgl.sdss("".)‘

hg
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In this case (Fig, 23, a), dg5=0.90 mm, and the size of the cracks may be:
bq‘1.8~0.90=1.62 mm

i.e., condition (65) is satisfied.

Consequently, in order to ensure the seepage strength of the soil of the core

adjacent to the sides of the canyon, the granulometric composition of the
soil of Zone[7, Fig. 23, a, may be recommended for placement in the contact

zone.
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HHA, OT pewleHHR XOTOPHX CYWECTBEHHO 3aBHCAT OCHOBHME
Pa3Mepul COOPYKEHHR, €ro NPOYHOCTh M YCTOHAHBOCTH, 3 TaKxke
IKOHOMHKKA €rc BO3IBEACHHS.
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MPEOUCJIOBUE

[pu npoeKTUPOBaHHH H CTPOHTEALCTBE 3EMJAAHON WJAM KaMeH-
HO-3eMJIAHOR NAOTHH NPHXOAUTCA PEwaTh BONPOC O PUALTPAUR-
OHHOH NPOYHOCTH TPyHTa, 06pA3YIOEro TeJAO H OCHOB2HHE IIO-
THHH. OT pelieHHs 3TOro BOMPOCA CYLIECTBEHHO 3aBHCAT OCHOBHbLIE
pa3Mepul COOpYHKEeHHs, a CIeJOBATENbHO, H €ro CTOHMOCTD.

®uabTPaUNOHHHH MOTOK, NOXyHalOWHUACs B Telde MJOTHHH H
€€ OCHOBAaHHK, OOYCAaBANBAET BO3HUKHOBEHHWE COOTBETCTBYIOWIMX
(UALTPALUHOHHEIX CHA, NPHJIOKEHHHX K ckeaety (TBepao# (asze
TPyHTa). DTH CHAL, C OAHON CTOPOHH, MOTYT CNOCOGCTBOBATbH CHH-
KEHHIO o6mell YCTOAYHBOCTH OTKOCOB NJAOTHHH uAM O6GyCAaB/au-
BaThb BO3HHKHOBEHHE TaK Ha3bIBA€MOro MECTHOro PuALTPAUHOHHO-
FO BHROpa, C APyroft e CTOPOHH, YNOMAHYTHIE CHJAB MOFYyT
BLI3BaTL uAbTPaLHOHHHE nedopMmaldu CkeaeTa FPyHTa B BHAe
TaK HasnBaeMHX CyPpPO3HH H KoaAbMaTaxa.

M3aBecTHO, 4TO mpH NMPOEKTHPOBAHHH MAQOTHH NPHXOAHMTCH pas-
Anuath 6esonacHue QHUALTPALHOHHBE AedopMauun (Hampu-
Mmep, 6esonacuyio cydpdosnio), KOTOpsie HE MOTYT BH3BaTh pa3-
pyuieHue COOPYIKEeHMSI; BMecTe C TeM MPHXOAMTCA PpasaHyaTh
TAKKE H ONAaCHGU e PHABTPAUHOHHBE aedopMauHH, O06YyCaAaBJH-
BaolHe HapyuleHHe YNOMAHYTOR Boiwe QUALTPALUHOHHOA npoY-
HOCTH I'PYHTa; 3TH AedOPMALHH MOTyT MPHBECTH COOPYXKEHue
K MOAHOMY pa3pyuwenHio. MiayueHue u anaaus asapuft 3eManHux
NJAOTHH NOKa3uBaloT, 4TO OkoAO0 8CY aBapufi NPOM3OUIIO HMEHHO
BCJ/IE/ICTBHE HAPYIEHHA QUALTPALIHOHHOA MPOYHOCTH rPYyHTa TeJd
NIAOTHHH HJAH OCHOBAHHSA.

INpeanaraemoe nocob6He IR NPOSKTHPOBAHHA 3EMAAHMX Ha-
NOPHLIX COOPYXEHHA He 3arparusaer Bonpoca o6 obuweflt ycrTolt-
YHBOCTH 3EMAAHKX OTKOCOB (MO STOMYy BONPOCY CM. ,YKa3aHuf
no pacuery gcroﬂquaocm seMassux otkocoe*, BCH 04-71, cocras-
aennnie P, P, UyraesnM Ha ocHOBEe ero HayuyHwx paspaGoTok).
Huxe paccMaTpHBaOTCs TOALKO BOMPOCH (GHALTPaUHOHHOR MPOY-
HOCTH FPyHTa B NOACHEHHOM BHLIE CMHCJAE; AOTIOAHUTENLHO B He-
KOTOPOR Mepe OCBelgaeTCs TAKXKE PacyeT MECTHOro (pHALTPALMOH-
HOTO BHIMOpA. ‘

Coraacho koHuenuun P, P. Uyraesa, npunstoft 8 CHulle {1]
# Hopmax M3C CCCP (14| u noapo6Huo ocseuienHoft B ero Tpy-
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aAax [2, 4], B obsacTu BONpoca O (MALTPALHOHHOM NPOUHOCTH
FPYHTa, CA€AYeT pa3nnuaTh:
a) Tak HashiBaeMylo ka3dyaabnyio (caydafinyo) duabrpa-

UHOHHYI0O NPOYHOCTL, KOTOPYI0 HET BO3MOXHOCTH pacCUHTHBATH,

Oonupasich Ha anmapaT MeXaHHKH, H

*6) TAK HA3LIPAGMYI0 HOPMAJ LN Y 10 PUALTPALHOHAYIO TPOY-
HOCTb, KUTOPAS MOMET pPaCCUHTLIBATHCA HA OCHOBAHHH 3aKOHOB
MEXaHHKH C HCNONB30BaHHEM 3apaHee H3BECTHHIX T'PAaHHUHHX M
HaYaJAbLHBIX YCJAOBUI.

Oco6eHHo0 BaXHHM B MPAKTHYECKOM OTHOWIEHHH SBASETCH
BONPOC O Ka3yaAbHON GHABTPALHOHHON NPOYHOCTH 3EMJAAHOrO CO-
OPYXEHHSl, TAK KaK HMEHHO HCXOAfA H3 yueTa 3TOH NPOUHOCTH
AOCTaTOYHO 4aCTO NPHXOAMTCH HA3HAYATh TrJaBHefiLiHe pasmepHl
3eMJAHLIX COOpYXenHu#t, HAnpuMep, AMHHL NyTe#l ¢GHUABTPauMH,
NPOTHBONOCTABASIEMBE ACHCTBYIOILEMY HA COOPYKeHHH Hanopy.

YUro kacaeTcs HOPManbHOH (PHALTPAUHOHHOM NPOYHOCTH. HCXO-
A M3 KOTOPOA 4YaCTO nNPOEKTHPYIOTCA, B YaCTHOCTH, OGpaTHHE
$uAbLTPH COOpYXeHHA (fBARIOLLMECH, KAaK M3BECTHO, OAHHUM W3
Han6o/1€€ OTBETCTBEHHMX 3JIEMEHTOB THAPOTEXHHUECKOrO COOpY-
KEHHs), TO B NPHBOAHMBIX HHXKE MATepHalax HCNOABL3YIOTCS Ha-
yudnle pa3paGotkn A. H. [Ilarpawesa, M. TII. Tapuuua,
I'. X. Npaseanoro, B. H. XKnrenkosa [6, 7, 8, 9, 10, 11, 13].

OcHoBHOE Ha3HAauYeHHE NPeRNaraeMoro nocobus — AaTh B PYKH
WHKEHEPOB-TNIPAKTHKOB CHCTEMATHYECKH H3JI0XKEeHHbe H YA0o6Hbe
ANA NPAKTHYECKOrO lIPHMEHEHH COBPeMeHHble MEeTOAH OIeHKH
(PHUABTPAUHOHHOR NPOYHOCTH HAMOPHHIX 3EMASHBIX COOPYIKEHHH.

Hacrosmee ,PykoBoxcTBo no pacuetaM  (H.ILTPALHOHHOM
NPOYHOCTH MJAOTHH H3 TFPYHTOBLIX MaTepuaJoB“ cocrapiaeHo B Jla-
6OpaTOPHH 3eMASHHIX THAPOCOOPYKEHHHA CT. Hayy. COTP., KaHJ.
texn. Hayk I'. X. NpaBesnnim,




Pa3nea 1. OBWWHUE NOJOXEHHSA
1.1. OBJIACTb NMPUMEHEHHSA

Hactosiuee ,PykoBoacTso* pacnpocTpansaetcs Ha NpPOEKTHPO-
BAHHEC W CTPOHTEIbLCTBO MMOTHH M3 IPYHTOBLIX MaTepHanOB M npei-
Ha3HayaeTCA A.If NPOBENEHKA NPOBepKH GUABLTPAUHOHHOYR npoy-
HOCTH nonepeyHu X ceyeHuR (npoduaelt) naoThub.

[TpoBepkd HA HHALTPAUHOHHYIO MPOHHOCTL MOMEPEYHBIX ceye-
HHA NAOTHHL A5AKHE BHINOJIHATLCA C YYETOM NPHHATONH  KOHCT-
PYKUHH HAOTH' M, I'e0.TOTHYECKOry CTPOEHHS OCHOBAHMS M 4DH3H-
YeCKHX Xapa'.TePHCTHK TPYHTOB.

OronuatianHbie pasmeps M0THHL, a Takxke QopMnl U pazue-
Phl [I013€MiOr0 KOHTYpa [LIOTHHE 10.TkHH ObITL 00OCKOBAHM
COOTBETCTBY IOWHMI PacyeTaMH, B TOM YHCa€ H pacueTaMi (pHAb-
TPAUHOHHO} NIPOUHOCTH.

[Tpu pacuerax PH.ILTPALIIOHHVNA NPOYHOCTH CACILYET YUHTLIBATE!

1) xka3yaabHyiw OQHABTPANHOHHVIO NPOYHOCTH
rpyHTa Teaa NAOTHHH W FPYHTA OCHOBAHHY, KOTOPaAw MOXeT
6LTb HapylWeHa B 3apaHee He H3BECTHHX OTJAEILHHX MeCTax
NPORCALHOTrO NPOdHAs NAOTHIBE, BCALACTEIE PALA NPHUHH!
B mpoilecce NpOM3BOACTBAa pPadoT, HeyuTeHUO# HepaBHOMepHOH
OCaAKOH MJAOTHHbLI, HEYYTEHHON HEOJHOPOAHOCTHIO TpyHTa # Ap.,
4TO MOXeT MpuBecTH Kk O6GPa30BaHHIO B TE1e ILIOTHHB HAM ee
OCHOBAaHHH NMONEpevHHX XOA0B (lle.eit) COCPEeXOTOYEHHOA ¢HAb-
Tpauun. Ha ocHoBaHmu. pacyera kadyaasHoii (PHABTPAUHOHHOM
NPOYHOCTH TPYHTA TE€Ja MAOTHHH H €€ OCHOBAHHA yCTaHABAUBAIOT-
¢q raasHediine paamMepnt 3cMAAHOA NNOTHHBI, KAaK-TO: AMRHa, on-
peaeassoilas MECTONOJOKEHHE JApeHaxa HH3OBOIO K/AHHA MNJOTH-
HUl, TOAWMHA SAAPA MAM 3IKPAHA, HOHYpa H mp. ITOT pacyer 104-
XEH BLIMOJHATLCA, HCXOAA H3 HAHGOJLILEro BO3MOXHOrO Hanopa,
JefCTBYIOUIET0 HA COOpYXeHHe, MO MCTOAY (NPelAJOKEeHHOMY
P. P. UyraesuiM) KOHTpPO/NIHpYIOWErO FPaAHEHTa Hano-
pa J, (KaK HeKOTOpOro XapaKTepHOro TrpajH€HTa Hanopa Aad
BCE# 06/18CTH ¢iMALTPaUHH HIH ee yacTH). [1pH BHMOAHEHHH YKa-
3aHHLIX pacyeToB CJejyeT pacCMAaTpHBAaTh OTAEALHO OCHOBAHME H
T€10 NAOTHHM:

2) HopMaabrHyw GUALTPAUHOUHY MNPOUYHOLTDH
rPYHTa Teaa NAOTHHL It [PYNTA  OCIIOBANNA, KOTOPAH MOMKET
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OHTh HapylleHa B PAAE H3BOCTHHIX, HauboJee caabux Mecrax
nonepevyHoro nNpoduaA COOPYKEHUR, HANPDHMEP: HaA KOH-
TAKTaX MEJAKO3EPHHCTHX H KPYMHO3EPHHCTHX FPYHTOB, CAAraloUuX
OCHOBAHHE HJH CaMO TEeAQ 3eMJAHO# NAOTHHH; B 061aCTH BbIX01a
(UALTPALIHOHHOrO NOTOKa B HHAHUA Gbed, rae MOXeT NPOHCXO-
AMTH HAH QUALTPARUOHHLIA BHIIOD FPYHTa HAH BHeWHAd cyddo-
3Hd, BHyTpPeHHsas :Ccydpdo3ns B Teae 3eMAAHON MAOTHHH HJAA
B I'DYHTE OCHOBaHHA; NPY BLiXOAe PHALTPALHOHHOIO MOTOKA B CJAOM
¢uabTpa ApeHaka HJAH nmepexoiHylo 30Hy W ap. Pacuer Hop-
MaJbHOR uALTPIUKOHHON NPOYHOCTH TPYHTA OCHOBAHHMA 3EMJS-
HHX TJOTHH M HX 3N1€MEHTOR PEKOMEHJAYeTCH BLNOJHATL NO Me-
TOAUKE, NPUBEACHHOR HUKe,

Ecau ¢uabTpaunonHas APOYHOCTL COOPYXKEHMA HJAH €ro ot-
AeAbHHIX KOHCTPYKTHBHHX 3JEMEHTOB He oO€cneyuBaeTcd, TO
B 3TOM CJAY4ae A0JKHH OhTL TNPEJYCMOTPEHH COOTBETCTBYIOULHE
HHKEHEDHLIE MEDONPHATHS MO YNPOYHEHHIO COOPYKEHHS HJIAH €ro
OTAEJAbHBX 3/1€MEHTOB,

1.2, MPHHATBIE TEPMHHbL H OBO3HAYEHUSA

PexoMmenayercss nNpHAEPKHBATLCS CAEAYIOWHX TEPMHUHOB U
OyKBeHHWX 0603HaueHHi.

OCHOBHBE TEPMUHDBI

PuaprTpaunoHAHe gebOpMaUKHK IPyHTa—aedopMa-
uUHH TBepAOk (a3n rpyHTa, BbI3LIBAEMHE [AaBHLIM 06PasoM cHJaa-
MH THAPABAHYECKOrO BO3AEHACTBHUA.

Onacuu e QuabTpaunoHuse Aedopvauuu — GuaALTPALHOHKLE
AedopMaunH, B pPe3yabTaTe€ KOTOPHX COOPYMKEHHE MOKET paspy-
UIHTBCA.

Besonacuue duabTpauHoHHue 1edopMaLHH —QUALTPALHOK-
Hue fedopMalHH, KOTOPHE C TeYEHHEM BDEMEeHH NPexpallianTcs
M He TPO3AT UENOCTH COOPYHEHUA, CIOA3 OTHOCHTCA, Hampumep,
Hala04aemMbie B HaYANbHUA NEepPHOJ 3KCHAYATAUUR IEMANHHX CO-
OpYyKeHHfl He3HAUHTEARHLA BHIHOC WAH OTAOKEHHE MEAKHX nuiie-
BATHX YaCTHIL rpyHTa,

Cyddo3aua — nameHenne TrpaHyJOMETPUYECKOrO COCTaBa H
CTPYKTYPH TPYHTa, BCAGACTBHE NepeMeiienus (PUALTPAUHOHHEM
NMOTOKOM BHYTPH TPyHTa €ro OTAEJbHHX YaCTHU HAH HX BHIHOCA,
HAH DACTBOPEHHA COAEPKAWMXCH B FPYHTE BOAOPaCTBOPHMBIX
conefi, HaH HX BuLIMHIBA, B PEe3yJabTaT€ Yero BO3MOXHO HapyuleHue
HPOYHOCTH TPyHTa.

Mexaunyeckas cypodo3uns —oTpuB HAH NEpeMelleHie
BHYTPH TPYHTA HAH BHHOC OTAGABLHBIX YaCTHIL H3 €r0 TOALH,
BCAECACTBHE BO3JeficTBUA (PHABTPAUHOHHOTO NMOTOKA.

BuyTpenuasn Mexanuyeckag Cydpdosus — nepeMeuienne
GHALTPAUHOHHHIM NOTOKOM BHYTPH FPYHTa MEJAKHX €10 4acTHU,
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Bruemnan uexaunueckas cyPpPposus — BuHOC PIILTPaUHOH-
HHM NOTOKOM OTACALHHX YACTHI M3 IpyHTa, JeX3UHX H3 NOBEpPX-
| HOCTH TFPYHTOBOrO MacCHBa. -
: Onacnas mexanuueckas cyddpo3us — oTpus, nepeveuienne 1
M BHHOC (QHALTPAUHOHHLIM NOTOKOM MEAKHX WACTHU H 9aCTHL '
CKeJeTa TPYHTa B TAKOM KOMYECTBE, NPH KOTOPOM Mapymmaercs

€ro nPoYHOCTH.

KoabuaTtax — 0TAOXKEHHE B MOPax rPYHTa MEAKHX wacTHl,
HECOMHX (PHALTPAURONHLM TNOTOKOM (BHYTPeHHEA KOABLMATAX)
HAH HX OTAOXEHHe Ha MOBEePXHOCTH TPYHTOBOTO MaCCHBa (HOBEPX-
HOCTHHAA KOABMATAN).

KOHTAKTHHA PA3MHB— Pa3sMHB MEAKO3EPHHCTOrO HAH
’ CB¥3HOTO (FAHHHCTOrO) FPYHT8 HA KOHTAKTE C KPYNHOIEPHHCTHM
rpyatoM (uau GuabTpoM) moa AeAcTBHEM NPOACABHOR bTpa-

nEH.

Bunop (¢uabTpausonnnft) — OTpHB H nepemeuleRne HexO-
Toporo, 06emMa rpynta, NpOHCXOAsOIEE MOA AeBCTBHEM CyMmap-
HOA CHAN FHAPABAHYECKOrO BO3aefcTaus.

PuAbTPAUHONNAN NPOYHOCTL FPYHTA —CHOCOGHOCTD
TPYHTa CONPOTHBAATLCA BO3HHKHOBEHHIO ONACHHX (RALTPANHOA-
HHX Aedopuaunit ero cxeaeta (cyPdosus, KOHTAKTHOMY pa3MuIBY,
OTCASHBAHNWIO CBA3HOTO TPYHTa, QHALTPAUHOHHOMY BHIOPY).

| - Cxener rpyHTa — COBOKYNHOCTb €r0 YaCTHU, BOCHPHHM-
M3IOUIHX ¥ NepeAamux AeficTeue BHEIUBRUX CHA, ofecneansawn-
WHX NPOYHOCTL R HECYHlyl0 CNHOCOGHOCTL TpYHTa.
3anoAHATEAb TPYHTA— YACTHUH, pPacNO.Jaraomuecs
- B NnOpax Ckeaera rpyHTa.

Cyddo3snonuuft rpyHT—rpyHT, B KOTOPOM MOXKET NPO-
HCXOAHTL H PasBHBATHCA MeXxanuueckas cyddosns npr cKOpPoCTAX
GHALTPAUNA, DPEBHIMAOUIHX KPHTHYECKHE.

HecydPo3noBRHRA rpyHT —rpynr, B KOTOPOM MEXaRRm-
qeckan cCydpPoans HeBO3IMOMNA. : 1

KortakTHas 06aacTh rpyHTOB—OGAACTL, BKANYAI0-
AR FPaHHLY ABYX CMEXHHX, P3a3IHYHHX NO CBOEMY TPaHYAO-
METPHYECKOMY COCTaBy TPyHTOB, ompeaeaseMas rayGnnofi Bo3- H
MOXHOrO NMPOHHKHOBEHRA YACTHIX OZHOIO rpyHTa B Apyrofl.

Paccaansanne rpyHTa —oTaefeHWE KPYNHWX 9acTHU
OT MEJKHX, MPOHCXOAAWMee NPH TPaHCNOPTHPOBKE M OTCHMNKE F|
rpynra. :

OTcaanpaHWe TPYHTE — OTPHB OT TOAIH ATPEraToB ua-
CTHIL CBA3HOTO (FAMHHCTOrO) rPyHTa B 30HEe KOHWTakTa (B mopax)
KPYNRO3IEPHRCTOrO TPYHTE HAH rpynra O6paTHOro PmabTpa.

Jlpeuax — yctpoficTeo, npeaHA3NaueHHOE ANH NEpPexXBaTa H
NOHHXCHAA ‘YPOBHA HAH JABACHHS TPYHTOBHX BOZ, 2 TaKXe AAR
OprayH30BAHHOTO OTBOA3 NPOPHALTPOBABMWIEACE B APEHAX BOAH.

O6patiHnfl GHABLTP— CAOR NECHIHO-rPaBHAHO-raACTIHHKO-
BHX M MeGeHOUHNHX [PYRTOB W.IH MCKYCCTBEHHWX MWATEPHA.108,

(4
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NMPpeJjoXPaHAoWHe HECKAIbHbIe TPYHTH COOPYKEHHH OT MexaHif-
yeckoh cydpdoann (a B OTAEABHRX Cayuafx Takxke 0T QUIbTPa-
LLHOHHOrQ BbITOpA).

[MepexoaHasn 30HA— nepexoAnbiit CJIOf (CAUK) IPYHTOBO-
ro Martepua.’a MExJay fAPOM (IPYHTOBHM 3KPaHOM) U NPH3MaMH
MJIOTHHH, obecneykpaloulHii QHABTPALMOHHYIO NPOYHOCTH AAPa
(2KpaHa), a Takxe -HenpOChINaeMOCTh CAMOro MaTepuasa Mepexox-
HOMt 30HHW B MOPHl MaTepHaJa NMPH3M MIOTHHLI,

Boaoynop— mpakTHyeckH BOJOHENPOHHUAEMBIl CAOH rPyH-
Ta, NOICTHAAIOIHI BOIONPOHHIIAEMOE OCHOBAHHE IMJIOTHHKL.

BYKBEHHBE OBO3HAYEHHWY

qr — OO BEMHHIA BEC CYXOTO IPYHTa;
A — yreabHult Bec MaTepuada 4acTHU rpyHTa;
d — JMaMeTp HACTHU FPYHTA;
dyy...dy;.. . dy— AMaMETPBl YacTHU FPVHTA, MeHblle KOTOPWMX B €ro COCTase CO-
aepxurca 10...17...60% mno Becy;
dy; — anametp (CyddO3HOHHBIX) HACTHU PYHTA, KOTOPblE MOrYT 6uiTh
BbIHECEHbl H.1bTPALHOHHBIM TTOTOKOM;
dy,

T, = - — KO3 dHUHEHT PA3HO3ePHUCTOCTH TPYHTA;
10

n — NOPHCTOCTb FPYHTA (B JOJAX €IHHHUM),
¢ — KO3 PHUHEHT NOPHCTOCTH;
k — ko3¢ uunent GuapTpaunn rpyHta;
D, d, — cpeaunit pasmep (amaMerp) OHILTDAUKOHHOTO X01a (NOpPHI)
B KPyNHO3E€PHHCTOM H MEIKO3EPHHCTOM TPYHTaX;
D%, d¥3C _ tmameTp MakCHMaabHOrO GHALTPALHOHHOTO X01a (MOpH) B KPym-
HOJEDHMCTOM R MEAKO3IEPHHCTOM TPYHTAX;
W — BAAKHOCTb FpyHTa, %;
W — rpaunua TexyyecTH rpyHra;
W, — rpannua packateiBaHHs [pyHTa:
Wy — 4HCA0 BAACTHYHOCTH CPYHTA:
G — Ko3dpiunenT BOIOHACHWEHHS (BAAAKHOCTH) FPYHTA;
{8 — YA€IbHHIl Bec BOIbI;
v — KO3 QHUHEHT KHHEMAaTHYECKOIl BA3KOCTH BOAM;
£ — YCKOpeHHEe CHJIbl TAKEeCTH;
Jxp. Ugp — KpuTHYECKHE  KOIDPHUHEHT HAMOPa W CKOPOCTh  (HUALTpPAUHH,
npH KOTOPHLIX HACTYnaeT Mexauuueckas cydhdosus;
Jion Uzon— AONYCTHMbBE rPANUEHT HAMOPA W CXOPOCTb MALTPAUMH {paB-
HbBle KPHTHYECKHM, AefelHbIM Ha ko3(pHUMEeHT 3anaca);
8 — yron wewly nanpaBieHHAMH CKOPOCTH QHIBTDAUHH M CHAM
TAKECTH,
v — KOIDPHUHEHT HepABHOMEPHOCTH PACKAAAKH  ACTUU B rpyHTe,
HIH Ko3pdHUMEHT JoKanbHOCTH cyddOINu;
Re — uucao Peiinoabica;
Z — Hanop Ha NJOTHHE (PA3HOCTb OTMETOK TFOPHIOHTOB BOIbLl BEpx-
HEero ¥ HHKHeTo 6bedoB; NPH OTCYTCTBHH HiKHErO Gveda Z=Hhg);
hg, hy — rayGHHLI BOIbl COOTBETCTBEHHO B BEPXHEM U HikKHeM OGbedax;
T — 3aray6aenne noBepXHOCTH BOIOYNOPA ROJ MOBEPXHOCTbLIO OCHO-
BAHHA [LIOTHHLIL;

hy. R, — 3arayGaenne NoOBEPXHOCTH BOIOVROPZ COOTBETCTBEHHO MOJ TO-
PHIOHTOM BOAB B RepxHeM H HHKHeM Obedax;

Lyp — ropnaonTaibHoe pacCTOAHHE MeK1Y YPE3aMH BOIW BepXHero
H HHKHEro 6bedoB;

e
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i — 10JUIMHA  MANOBOJIONDOHHUAEMOH  nperpaiu
hg — 81pd, &y — NOHYyPpa...);
Jy — BEHCTBYIOLUMH TPAAHEHT HAnopa (Mbe30oMEeTPHUSCKIH VRIOH),
§ KOHTPOIUDPYIOWIHKA Ka3YalbHYi0 (HALTPALMOHHYIO  NPOGUNOCTS
i . PacCMaTpHBaEMOTO COOPYKeHHud;
(Jx); — DOnYCTHMas BeauunHa J,.
ApyrHe GYKBeHHble 0603HAUEHHA NHOACHAIOTCA B TewCTe,

(5, — 3KpaHa,

e it N et

Paaaea Il. PACYET KA3YAJbHOH ®WJIbTPALUOHHOMN
TNPOYHOCTH FPYHTA 3EMJIIHBIX TUAPOTEXHUUYECKHX
COOPYXEHUHA IO METOAY KOHTPOJIMPYIOWETO
TPAAUEHTA HAMOPA*

2.1. OBLIHE NOJOXEHUA

1 PacueTtol ka3yaabHOH (CayyaiiHoil) mpPOYROCTH TpyHTA CO-
. OpyKEHHUA W €ro OCHOBAHHS JOJ/DKHBI CBOIUTLCH K OupeledeHuio
MAaKCHMaabHO JONYCTUMONH AJHH bl NYTH QH.IBTPAIUIH B 3¢MIAHOM
COODYXE€HHH, TDNPOTHBONO-
cTaBaseMoO#l Hanopy, Aefi-
CTBYIOLLEMY Ha COOpYIKeHie,
- T.e. K ORpeaeneHHio Tako#
AJMHH NYTH (UIBTPAUMM, NPH
KOTOpOH HCKAKOYAETCHA BO3MOX- -
HOCTh PAaCKpPBITHA XOAOB COcpe-
JOTOUEHHOH GUALTPALKY,
Ha ochosanuu pacyera ka-

Puc. 1. CxeMa 3eMIAHOI NIOTHHI
I—Te.'io NAOTHHLL, 2 - 6GCHOBaHIte NIOTHHL 7~

e R

3yaJbHON (PHABTPALMOHHON
NIPOYHOCTH TIPYHTA YCTaHaB.IH-
BalOTCA rJaBHeHAHE pa3Mepbl

apeHaR; A~B~yCI0BHIR THHIR TONA. 01 1edRbon

wan 06.18CTH  PHALTIPAUNY  TeAs 11 OCH RIHKS

NAOTHHH; [ —3AHHA, ONjpe 12IRI0WLAS MEI1MNN30-~
WeHNe 1perddAa.

HaNMOPHOTO 3eMAHHOTO COOpPYKeHHs], KakK TO: A.1MHa [, unpeav-
AF0UWLAsT MECTONONOKEHHe JpPeHaa HH3OBOrO KAHHA 3€M.JIAHOH
naotuub  (puc. 1); TOMKMHA fApa MAM IKPAHA, 3 TAK Ke TOHYPM,
AAdHA NOHYPa neper 3eMaAqnol mAOTHHON W T. . '

2.2 OCHOBbI PACYETA KA3YAJNbHOH ®HJbTPALHOHHOMN
MPOYHOCTH, AONYCKAEMbBIE KQHTPOJHPYIOIUME I'PANHEHT bl
HANIOPA (/)

E CoraacHo MeTOay KOHTPOJMPYIOWErO IPaiHEHTA HAMoOD1 Cun-
»

TaeTCA, 4TO Ka3YaAbHAA NPOYHOCTL HE GVIeT HAPVIICHA 1pn
ycaosun [2]:

- Iy < (Jadas (H
k rle J, — HEKOTOPLI Cpeaumii TpaiMenT Hanopa 1AA Bcel  paccMarpusaeMoii
g 00A3CTH QUABTPALMHM HAK e YACTH. KOHTPOAMPYOULMI Ka3yadbHYi [(PIYHOCTH

*[anume pacyeT BLINOAHEHW 1O MeTOAy, MpelnoAenHoMy P.P.Uyraesuw,
H3J0KEHHOMY B ero HayyHwx tpyaax [2. 3, 4).

9




AANHOTO 3EMITHOTO COOPYACHNS; (Jx); — AONYCK2ENOE IHIAYEHHE KOHTPOINDY IO~
mero rpasHenta Hanopa. : i

Tlpu pacuere kasyansHOR (QHALTPauHOHHO# mpoTHOCTH NO dop-
uyae (1) caesyer pacCMaTpHBATh OTACILHO TEAO NAOTHHH H ee
ochosanue (pHc. 1), pacnosoxennoe HHXe YCAOBHOA rOpH3IOH-
TaabHoft aunnn A—§, pacuzensomefi o6aactH  GHALTpanHH Ha
ABE YNOMSHYTHE Bije 9YaCTH.

JdonyckzeuHe XORTPOIMPYOIHE rpaawesTd Hanmopa (/,), cae-
AYCT NPHHHMATH: 1A OCHOBAHHA 3eMASHOR DOAOTHHH COrAACH(
1a6a. 1, 138 Teaa 3eMAAHOA BAOTHHH —COrJIacHO Taba. 2.

Tab.euya r i

Aomycuacusie nbeloueTplvecKEe yuionu (Jy),, xOHTPOANpYIOmMNE
XA3YaALNYI0 (CIVNaliny0) BPOYROCTYS [PYNTA OCHOBAHNS REOTHML
(yreepxaeso CHull 1I1-1A. 12-67)

K18CC cOOpyaenns B0 KARNTAILEOCTH

Fpyki ocnosamus
1 I m | wov
Meorwas ramma . . . . ... ... 0.70 0.80 0,90 1.10 ‘
Kpynauié necox, rpasui . . . . . . 0,35 0,40 0,45 054 !
Cyrammok . . . ... .. ..... 032 035 040 0,50 :
fMecox cpeiwedt xpymiocrn . ., . . . 022 025 028 035 !
Mexmii mecox . . . .. ... ... 0,18 020 022 025 !
Tabauya 2

Romycuaexsuie nhesomerpuvecune yusomu (J,),, EOHTPORNPYIOMNE :
KAVANBEYIO HPOYNOCTL Te3a 3emysnofl ONOTERM N 3CMANEMX i
NEOTHSOPUILTPANNONAMNI NPE3N KAMENNO-ICMASHNMY REOTHN
(vteepxaeno CHall lI-M. 4-73)

Kaace coopyzeans 0 KABNTAIMSOCTH
Tpywtm, cxa8 e300 | ‘ " m v ’
famwobeross 1t ramma . . . . . . . ., 15 165 18 195
Cyramsox . . . ... ....... 1,05 ol5° 0% 135
Tecox cpeanel xpynrocrm . . . . . 0.70 080 0,90 1.00
Ceymecs . . ... ... ...... 0.55 0,65 075 085
Necox weakndt . . . .. _ . .. .. 045 0,55 065 675

Jlaf rpyATOBHX 3KpaHOB, AP H3 TrAMHOGETOHZ, FAMHM W
cyranuxa coriacio CHull H-U. 4-73 Iaorunn u3 rpynTOBLIX Ma-
Tepuax:8. Hopuu oextupopanus® unciennue 3uadenns J, cre-
AYET NPHHHMATD:

a) 139 3eMIAHHX HACHTNHWX niothH J, = 4 — 10;

6) a3s KamerHo-3eManuux J,—2—6;

B) X3A nGHy DA J, A0axR0 OuTh He Goaee 10—12.

Pacuern xa3vaanLHOft GHALTPIUHORAOA MPOYHOCTH IPYHTR 3eM-
AAHWX NIOTHH NO dopuyae (1) HocAT nposepounuHft xapaxrep,

10 . 1
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TIPH 3TOM, HMesl NpeABapHTE/NLHO HaMeueHHHA (Hau CylecTsyio-
WHA) npoduab MJAOTHHH, YCTaHABIHBAEM ANl e€ Tead H OCHOBa-
HMf 3Hauewus J, n (/i) M 3aTem nposepseM JauHbill npoduab
B COOTBeTCTBHH C (opMmyaodt (1),

Beqnusny J, HaAJeKHMT “OmpenefaTb HCMOAL3YA CJAEAYIOULHE
€noco6u [2{:

1) cnoco6 oTaesneHus TeAa MJAOTHHH OT €r0 OCHOBaHHS TOPH-
30HTA/AbHOH JIMHHER TOKA; MPH 3TOM, KaK OTMEYaJa0Ch, CJAEAYeT
OTAENBHO BBIYHCAATH Jy AAS TeNa MAOTHHH H AN ee OCHOBAHHSA;

2) crnoco6 ,npAMOil AeNpeccHH“: 3TOT CNOCOG B OCHOBHOM CJe-
AYeT NPUMEHATL AJAR OnpelenexHs J,, OTHOCALULErocst K Teay
NJIOTHHMI:

3) BupryanbHbie CHOCOOH U CMOCOG YAJMHEHHOH KOHTYpPHOR
JIMHHH; KaK MPaBHAO, 3THM CNOCOO6OM c/aelyerT MNOJAb30BATBCH MpH
onpesieleHHn J,, OTHOCAWMXCA K OCHOBAHHIO IIJIOTHHHLI.

B kagectBe pacueTHHX TODH3OHTOB BOAM B Ghedax caeayer
npuHKMaTh: B BepxHeM Onede HIMY (HopMmaabHHH mnoAnepruit
YpoBEHb) H B HHXKHeM Obede caMuft HH3KHA ypOBeHb BOAMI.

Mpumeuanue. [lpu cyxoMm wuuxdem Obede rOpH3ONT BOAM HHUMKHEro
Gbeta crenyeT CYHTATL COBMARAINMM C MOBEPXHOCTHIO AHA.

23 ONPEAENEHHE J, JISl TEJA NAOTHHBI

I°. Oonopodnoe. meao naomunre. PaccMaTpHBas OLHOPOAHOE
TeJO TNAOTHHH (pHC. 2), OTAENAEM ero OT OCHOBAHHA FOPH3OHTAAb-
Ho#t aunued toka A—5b. Toc-

Jie  3TOro, He HHTepecynch g
¢uabTPauneRt BOAM B OCHO-
BaHHH, HCNOJAB3YEM CJAEAYIO-
giHe  cnocobbl onpeAeNeHHs
Jy Aand Teéna RAOTHHH.

a) B cayvae apeHaxa Hu-
30BOr0 KJAMHA NJAOTHHH B BH-
Je KaMeHHoro GaHnxera {pHC.
2,a) uau B BHAE TPYGUATOro
Apesama (puc. 2,0).

B sToM cayuse npexae
BCEr0 MPOBOAHM BepTHKAMb
I—1 Ha paccTOAHHH, PaBHOM
0,4k, or ype3a BepxHero
6veda, u Beprukaas I7—Il Puc. 2. Pacuetnbie CxeMib MAOTHH
depes Cauyio KpaHIoK AeByI0 -gliopmuy, ssummar | biorwws |« xpseries
Touky b apenaxa(phc.2, a,6). )

Hanee ¢uxcupyercs Touka M nepecevenus Beprukaan [—/
C TOPH3OHTOM BOZb BepxHero Gneda H Touka N nepeceyeHHs
BeptHkaay I/—II c_aunneft O—O, nposexenHoff Ha ypoBue ro-
PH30HTA BOAN HHXHero Gneda. [Tocae STOrO NPOBOAHM ,APAMYIO

1n
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AenpeccHH* MN, KOHTPOAHPYIOIRYIO KA3YaAbHYW NPOUHOCTE
TFPYHTa TeA38 NJOTHHH.

Beanunna J, B naHHOM cayuae Gyner paBHa
Z Z
Jy=lge= L—p":m, 2y
rae a — yroa uaxsaona yununt MN x ropmionty; L, — pacuernam mupeHa nao-

THHB; Ay — ray6una b B BepxneM Obede; L — ropu3OHTaABHOE PACCTONHRE:

MEXAY YypeloM BORM Bepxiero Oveda H seBofi xpafinei Toukoil Apenawxa
(cM. puc. 2). :

6) B cayvae HacAOHHOrO-
JApeHaxa HJAH B cayuae OT-
cyTcTBus Apenaxa (puc. 3).
.3aech, B OTAHYHE OT NpeAkt-
Ayliero cayudas, BEpPTHKalb
II—1] npoeopurca wra pac-
croanuu 0,44, OT ypesa BOALE
HHXHero 6beda. |

Puc. 3. M1oTHHA ¢ HACAOHHLIM RPEHANEM

J -~ KOHTPOAPYIOWMHA TPAANEHT B CAYVAE HACAOM- .Benuquﬂa 'IK BHIYHCAAET-
HOrO ApeMaxas; "x'_' cayvae orcytcrsus Hacsonwo- Cl MO ¢opuy.ne ,
TO ApeHaNA, .
V4 zZ :
x =T, = L;p Ok, 7 0,47, @

rae Ly, — paccTOSHHE NO FOPM3OHTAAM MEKAY YPe3aMH BepXHEro ® HHKHero
6bedoB; hy, — raybuna muxnero Gbeda.

Mpu h, =0 ,npamas aenpeccuu* moaydaer BuA npamodr MN’
(puc. 3).
P B 3ToM cayuae BeIMYHHA KOHTPOJHPYIOUIETO rpaauenta 6yaer
paBHa
I3 hl
Jy = L_pr, “
rae L,’ — paccrosuue Mo FopH3oHTaAM Mexny Toukaun Mu N'. ;

B) B cayuae, KOrAa ApeHax PaclioN0XeH OTHOCHTEALHO GAH3KO
K BepxHemy Obedy; Boaa B HHXHeM Gbede oTcyTcTByer (pHc. 4).

B stom cayuae aan- onpe- ‘
AeNeHH BeAHYHHH J, nocty-
NAOT CAEAYIOUWHM OOPAsOM: H3  p..;
TOuku A AeficTBHTEALROrO ype-
3a BOAW B BepxHeM Guede cae-
AyeT npoBecTH ABa ayda A—E, % , dhg LRy
u A—E,. Jlyu A—E, cocrasas- )
€T C BepTHKaAbIo yroa 45°% ayu  Puc. 4. TlroTuna ¢ BRyTpennnm ape-~
A—E, ¢ anHHelt OTKOCA COCTaB- : HaeM
."ICT yroa 90°. (E,; Ey; E—MecTa pacnosox..ARS Aperaxa.

1) Ecan touxka E Havana Apenaxa JexHT npasee Touku E,, i
Toraa J, caeayer onpejeasts no ¢opmyae (2).
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2) B cayuae, koraa Toyka £ Hauyaja ApeHaxa JEKHT MEKAY
ToukamH E, n E,, sexnunny J, cnepyer onpeaeasts no popuyae:

by
Je=T5 ®

-
rae I — paccroanue or Touxn A Xe/iCTBUTeAbHOrO ypesa BOAW 20 Toukn B
HAYasa RpeHaxa. .

3) B cayuae, ecan Touka FE Hauasa ApeHaxka JEXKHT JaeBee
Touku E,, BeanuuHy J, creayer onpeaeaats mo ¢opmyae:

Ju =_l:'; , ©)
rae [y — AAMHA flepeneHAMKYASAPA, ONYUIEHHOrO M3 HawanbHOH TOWKH £ apenaxa
HAa AMHHIO BepXOBOro OTKOCA.

2°. Teao naomupn c A0poxM , )
uau sxpaxos. B sroM cayuae o (O)m
caeayer olpeaeasTh JApa 3Ha-
yeuud J,: a) aas aapa (Jy), nau
skpaHa (J,), ¥ 6) AR OCTaALHOMN
YACTH TeaAa MAOTHHH (Jy);.

B pe3syabraTte cOOTBETCTBYIO-
WHX PHABTPAUHOHHLX PaCUeTOB
[2, raaBa Ill; 5] onpeaeaserca
BEAHUYMHA nepenaja ¢BoGOAHOR
HOBEPXHOCTH (HILTPALKOHHOTO
NOTOKa Ha siipe HAH skpaHe—Z'
(puc. 5). Puc. 5. 1aoTuna c AZpoM W sKpaHOM

Mocae atoro 3HayeHue (jx)l fuouno?o l:o:on; by W B‘—?oaml:;uong;;r.;
nau (J,), onpeaensercs no gpop- sKpaKs (Otpeanenmne).

MyJaam!

r ’

=3 n Ua=Tn @

rae 8y n 5y — TOoAMMAM AAPA R SKpaHa (OCpeRHenHble).

IMoaydeHHbIE BeAHYHHHW J, OTHOCATCA TOALKO K HHKHef yacTd
AAPA HAH SKDAHA, T. €.-K YaCTH, PACNOJOXKEHHOA HAXE TOYKH &,
yKa3aHHOfi Ha PHC. §; BHWwe ITOR TOYKH 3Hayenusa J, OyayT
MeHble.

-TIpn OTCYTCTBHH BOAN B HHXHEM 6bedde NJAOTHHH, B 3TOM
caygae peanunsn (J,), B (Jg), C 3anacom OYAYT paBHH:

A, h
(S = ;—' H ()= T: (8)

Beanuuny (v,), npH ycTpoficTBe mapa MAH 3IKpaHa, caAeAyeT
YCTAHABAHBATh K8K yKa3aHo B n. 1°, npoBOAA Ha pHC. 5 (nymk-
T™Hp MN) npamyio penpecchn MN uepes Touky 4 H BHOHpas
touky N Tax, K8k yxasauo ua puc. 2—4 (B 3ABUCHMOCTH OT THNA
HMEIOLIEerocH ApeHaxa).
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24. ONPEAEJEHHE J; AJ OCHOBAHUS 11J10THHDI

1°. Odnopodnoe ocxosanue naomune; naomuna 0Oe3 syba.

Jan noaydyenus seauuusnl J,

OCHOBaHHA NJAOTHHH cCaeayer

BHIMOJHHTL COOTBETCTBYIOINHE MNOCTPOCHHUSA, HCNOALIYH CNOCO6

0447 L 0,447
‘le' i} e - N

(3%
35,°
="}

Puc. 6. [Taotuna 6e3 3y6a wa ojuo-
POAHOM OCHOBARHUH
T ey —3araybaenue pacyeTHoro  Bozoynopa
(fpacq=0,5L); A 808, —-nbeloMeTpHueCKas AH-
HHA A8 NO10WBH NYOTHHLN AB (ab—.lx).

YAJHHEHHOA KOHTYPHOH JHHHMH
12, 4]. Oas saTol ueaw nocTynaem
caeayioulM o6pasom (puc. 6).
O6o3anauaem A u B xpafiine Toy-
KH TMOAOWIBH NAOTHHH. CHOCHM

~ 3TH TOYKH MO BEPTHKAAH COOT-

BETCTBEHHO Ha TOPH3OHT BOAH
BepxHero M HHxHero Obedos,
NpuueM NojJydaem TOYKH A; H
B,. Ot touek A, u B, cooTsercT-
BEHHO BJAEBO W BOPABO OTKJAA-
JblBaeM NO TOPH3OHTAAH OTpeE3-
ku aaunoft 0,447 .. W moONy-
yaeM Touku A, uB,. Coeauus-
eM 3TH TOuUKH npamoRt A,B,.

[locae 3TOro HaMeyaeéM HCKOMYIO MNbE30OMETPHYECKYIO JHHHIO
AAR n10A0WBH AB naoTHHW B BUAE JOMaHOH aunun A,abB,.

IMoayuyenHas auHHa ab naeT HUcKOMoe 3HAaYe€HHe BeJHYHHH Jx
AJf cavyad HacaOHHOrO JApeHaxa, KOTopoe paBHo

Jo =

z
L +088T pacy ' ®)

rae L — wupHua Teaa DJIOTHHB 10 HU3Y; Tpacq—3araybaeHue pacyeTHOro BOAO-
yopa, BeaHYHHA KOTOPOrO MOZeT GLITb MpUHATA pasuo# 0,51, T.e. (puc. 6):

Tpacu = 05L, Cg)

ecau rneacm <0,5L, 10 Tpacu == Taeers:

B cayuae apenaxia, OTIMYHOrO OT HACJOHHOrO, 338 BENHYHHY
L B dopmyae (9) cieayer npuHuMaTh AAWHY auHuu AB, noka-

3aHHOM Ha pHC. 2, a, 6 u Ha Dic,

2°, Oonopodnoe ocHosanue,

3.
nAOMUKG C 8ucaium 3y0om.

B srom caydae (pHc. 7), Takke Kak H B npeanayuwem (n. 1°),
HCNOAB3YeTCsA Cnoco6 yATHHEHHON KOHTYPHOA JuHuH. [lpu sTOM
TOALKO, CTPOA pa3BepHYTHH B FOpH3OHTaJbHYylO npamyw M'N’
YAJUHEHHbLIt N0A3eMHBLIA KOHTYD NMJAOTHHH, MNOMHMO AJAWHW rOpH-

30HTAJAbHbIX YYaCTKOB KOHTypa

Ly, yunTHBaeTCA €me N AAUHA

BEPTHKAALHBX Y4aCTKOB MOA3€MHOrO KOHTYpPa Teaa MAOTHHHL.
Ly =28 (10)
Tipu naauuuu nonypa pasmep L, yBEAHUHBAETCA Ha BEAKUMHY,

PaBHyio AJauHe nodypa — L,.
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C yuetom ykasannmX noGaBiennii J, onpeaeasercs no op-
myae (9), rae smecro L noactaBasiorcs 3nauenus Ly=L,+ L,
wam Lo=1L,+ L, T.e.

-
= TS0 an

Kax caepxyer u3 npuBeaeHnoro Buiwe,” 11f VMEHBIIEHHA Be-
AHYHHH J, B JaHHOM CJyYae MOXHO YBeJIHUHTb TIYGHHY 3y6a S
HAH CleAaTb, HANPH-
M€p, ABa 3y6a, BH- 1M wmy , a
NOAHEHHHIX H3 MaJo- 2
. BOAONPOHRUAEMOT O hg|t
rpyHTa.

u Beanunny  (J,), . : e
' AAS camoro 3y6a 044Tsecy T L i 08 Tpee,

1 MOXHO ONpeJeaHTD, I
, HCHOAb3YA  yKa3aH- B

HHA cnoc -

NeJHB ":,?(')puonp: Puc. 7. fTaoTuna ¢ sBrcRIAN 3y6oM HA 0INOPOAWOM

OCHOBAWHRA
" M€BOA W npasod Bep- L,—pACHETHAA COPHIONTAIBNAR 1EWNZ, S—ravboma 376s;
THKaAbHWX  rpaHAXx “--101miNa 3y6a.
3y6a. Pasnocts na-
nopoB Ha aeBofl H NpaBofi rpawsx 3y6a cJeiveT Ppa3ieAuTh Ha
A —h,
8
- (uMes B BHay nonepednyl0 rOpH3OHTAALHYIO (QHALTPAUHIO BOAH
yepes 3y06).
3°. Odnopodnoe ocnosanue; naromuna ¢ 30poxw u MaA08000-
nponuyaemusn 3ybom, doxodsuum 0Jo eodoynopa (pruc. 8).
B aaunom caywae, aan
onpeaeseHHs BEAHTIHHH
Je ocHopanas, caeayer
rpyntr 3y6a npuBectH
K TPYHTY OCHOBaHHS.
das sToh uean mc-
NOJAb3VETCH MepBNA BH-
pryaasHuift cnocob, kor-
Aa poaa duabLTPyer no-
nepex c.0ep |2i'.

~Ir

€ro AeACTBHTEABHYIO wHpHHY &,, T. e. noayuum (J,), =

Prc. 8. Maotena ¢ sapou ¥ wmaaosoionpoun-
naeMbiM 3y6oM, AOXORRIRMM 30 BOACYNOP];

OCHOBaNHE ORHOPOAtHOE B .aannom cayvae
Ro—x0SpPunment GuartpamN rpynts OCHOBINNA; &, —KODP- BHPTVaAbHaR ATHHE
Suunent PuInIpamN rpyNTa I¥6a. -

(TonuuHa) rpynTa 3v0a,
Huepuero kospPnunedt GpuabTpaunn k,, nNpuseieHnan Kk Kosd-
¢Hunenty PuaLTPauUHH TPYHTa OCHOBaHHA R,, MOXKET GuTL onpe-
Ae1esa H3 yCJOBHS:

Lyp =7 - 2
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Takum 06pa3oM, pacueTHas AAWHA OCHOBAHHA MJIOTHHW O6yAer
pasua (puc. 8): Ly =Ly + L, + 0,887 ..
Beauuyuna J, Afs OCHOBaHMS MJOTHHH OyJleT paBHa

y4

.’,‘ = L\)’ F Lnnp T 0,88_7'1,3“' (13)

Mo 3THM RAHUBY. pacyeTa MOXHO ONpPeAeNHTb BeAHuHRy (Jy),
Ans rpyura, obpasywomero 3y6 (n. 2° B KoHue).

4°. OdnOpodKOé ocHoBanue; naomuna umeem noxyp (puc. 9).
B sToM cay4ae cleAyeTr BOLAONPOHHUAEMBIHi MOHYDP aanuoR [y
3aMEHHTb a0COTIOTHO BOZOHENPOHMUAEMBIM NOHYPOM AauHo#t [°.

It— " -7

Puc. 9. [TroTHH2 ¢ NOHYPOM Ha OJHOPOANOM
OCHOBaHHH
1, —axusa noWypa: 1 0—aMHHA YKODOUEMHOTQ 3KBHEAAGHT-

HOTO (BogoHenpOHHUaEMOro) mWouypa; A°—noreps Hanopa Ha
AnHHe BCEro OCHOBAHHA IIORYpA.

Beauyuua [,* onpepeaserca no rpaduxy puc. 10. [lox sean-
yuHOA 7, yKasaHHW# HA rpadHke, CACAYET MOHHMATL BEJHUHHY
Toaca =05 (L + L,), rae l;—anuna AefiCTBATENBHOTO TOHYPa;
L, — 1uHpHHa NAOTHHH NO HH3Y: 34€Chb HMEeTCs B BUAY FAyOHHa
aKTHBHOR SOHH PuALTPaLHY,

lNpHBeAeHHaR TONIUHHA 334aHHOTO MOHYPa ONMpEeAeAfeTcA no
32BHCHMOCTH:

Bnp == Bn %. (14)

roe 3,—TOAWMHHA 3313HHOrO0 NOHYPA; A, H kg — kOIPpOHUKEHTH  (uUALTPALUR
COOTBETCTBEHHO OCHOBIHHA H NOHYpA.

Hanee, noaAb3yach CnNOCO60M YANMHEHHON KOHTYPHOR JHHHH,
CTPOMM NbLE3OMETPHYECKYI0 AHHHIO AAA nozowsw AB (puc. 9).
HOas storo, or Touku A Ha paccrofuun 0,447y, NPOBOAHM Bep-
THxaab /—/ 10 nepeceyenus ¢ ype3om BOAW BepxHero Gveda
Ha pacctosiHiit 0,44T. . OT Toukn B sepruxaaw //—II no nepe-
ceyennst C ype3om BoAbl HHxHero Gbeda. [loayyeHunte Ha nepe-
teqyenuaX Toukn M u N coeauusieM ,nPAMOft Aenpeccuu’, KOTo-
pas  ABASETCH NbE30OMETPHYECKHM YKAOHOM, KOHTPOJAHPYIOUHM
Ka3yaabHVI0 NPOUNOCTL TPYHT2 OCHOBaHHA J,.
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CaenoB4TENLHO, B AAHHOM cayuae BeJMYHHA J, 6yaeT paBHa
¢ puc. 9):

zZ Z E
I = L5 T 088Tpm (15) ‘

o
Paccrosnue or ypesa HI1Y no dakcupoanHoll ToukH a, Ha
sBeptukaan [//—1ll, npoxoaswel B NPpUMbIKAHHK TOHYPa K COO-

PYXKEHHIO, paBHOe A, COCTaBJAseT NOTEPIO Hanopa Ha AJuHe BCEro
©CHOBIHUS MOHYPA.

Jo=

b
Tn ‘
24 I n o0l
== 100,0 RN
%0 n T8 10,08
N R '
3, . 504!
1,6 0&\3‘ < N N 3
\\‘)'\)‘ AN
1,2 % N
. 05— g*" N 2,0>
AT NI
%8 T03 R T wi%70
—0.2 oy e'o!‘ °- = 75 R
L N Ugget il PR P2
- a0 NN S oAy A iy
s EE D o o i o Ly
80

06 08 12 16 30 \ad 28 T

np _
-i—-ﬂ.o

Puc. 10. M'padux P. P. Uyraesa ana onpefesenut [,0— aannul
9 YKOPOUEHHOro K BUBaNCHTHOro (BOROHENPOHHIAEMOTO) NOHY pa
l"—-MHHI NeRACTBUTEABHOrO BOAONPOHHUAEMOrO NOHYpa; Tn—nelcnmlb-
Hoe 3araylaenne Boxoynopa NoX NOAOWBOR nOWyps; Bnp—npu-ueﬂnn T08-

WKHE NONYPA.

3Han BeJIHUMHY A, HaAXOAHM MAKCHMATbHBA KOHTPOJNHPYIOLLHA
TPaAHeHT HAMOpPa AJNA FPYHTA MOHYypa:

Jo= -;—':— (16) E

rae 8, "— TOAUIHHA AeHCTBHTEALHOTO MOHypa.

5°. Heodnopoduoe ocuosanue. B caydae HEOAHOPOAHOrO OC-
'HOBAHHA, OGPA’OBAHHOrO TOPH3OHTAAbHLIM HAMAACTOBAHHEM OT-
JAeNbHHX FPYHTOB, KOSPDHLUHEHTH PUALTPAKKH KOTOPHIX HE CHABLHO

2 17




TR A ingis

PasHATLCA, 117 OUEHKN Ka3yaibHOH NMPOYHOCTH OCHOBAHHA pPeKo-
MEHAYeTCs MPH1epAKHBATHCA CICAYIOUIero WYTH pacyera.
Be.ntyuHy KOHTPOAMPYIOILEro rpaiWeHTa Hamopa J, YCAOBHO
CAEAYET ONPEREIATh, KAK H AN OAHOPOAHOTO rpyHTA.
Oauaxo, Beauunuy  [(Jy)ilueomop. rprura TpH  3TOM  caEZYET
CHH3NTH |2). npunuvas:

[(Fx) gheevaiop. rpyn.a =  [(J)2dowopoau. rpyura: (7
rae 1 — KO3QPULHEHT CHHNKEHHA (MeHblle €IHHHIUL), BEAHYHHY KOTOPOro Cae-
AyeT HpIHHMATL B 3asdcUMOCTH OT CTeNeHn HeOAHOPOIHOCTH CONPATravuIHXcHr
MEAKO3EePHHCTHX it KPYNHO3EPHHCTHX FPYHTOB H OMacHOCTH BO3IHHKHOBEHHA
cydPOINOHNLIX RBIESHHI. :

YUHTHBaf BLIUEHIIOKEHHOE, AONYCKIEMbIA KOHTPOAHPY IOULHA
rpaanent uanopa [(J)slosnoposn. rpyura CAEIYET IPHHUMATL NO TAGA. |
Ans Hanbo.dee  MeJIKO3€DHHCTOIO COCTaBa TpyHTa, CJaraiuiergs
ocHoBauue ¢ vyerom (3.3, n. 4°, a,6 u 3.4).

25. PHALTPAUHNA B TEJNE NJOTHHH B OBXO0L 3YBA
(HE 3APEPWEHHOTIO CBEPXY fiIPOM HJIH 3KPAHOM)

Ecait B OCHOBaHHH MIOTHHM HMeeTCS CHABHO BO1ONPOHHLAE-
Muill 10JICTHIZIOMHUI CTOR, TO noc1eaHu#l, KAk npasu.1d, nepece-
KaeTCA 3V 50M. BHINQ.THEHHHM, HANPHMEP, U3 FAHRHUCTOrO MaTepHa.Ia.

Pic. 11. fl30tima ¢ 3v00M, He 3aBepuledHblM CBEpPXY AAPOM
nan 3KpaHOM

1—3y6. nepecexatn:nh SOI0NPOKILNEMIT NOICTHIAOULA C.IOA FPYHTA OCHO-
BAN;, §;—-3arayBaeHsie B TeTe NIOTHHN; 2 -KPiH3AR 1enpeceun,

Onacascy puabTpaunn B 06xoa 3yda ceepxy (puc. 11), noutn
Bcerla Jauuniit 3v0 MapamHBaloT a1poM WaH Auadparmoft, Joxo-
asweit 10 rpebGug naotuHpt (puc. 8, un, 3°).

B HekoTOpHX Caydaax 3y6, mperpaxAaouit BOAONPOHHUEE-
MO€ OCHOBaHHE, He AGBOINTCA A0 rpeGHA NMAOTHHH, a4 OCTaBAAETCA
Ha HEKOTOPOM VpOBHe B Teie MIOTHHMW (puc. 11).

B aanHowm cayvae TpeGyercs OUEHHTh QUALTPALHOHHYIO TPOY-
HOCTb COMIPSAKEHHA H BeAHUHHY (pa3uvep S,) 3aray6aenua 3y6Ga
B TC.10 NIOTHHH,

Aas peweins nocTasIeHBIX BONPOCOB NOCTYNAIOT CAERY IOULHM
Q0pa3zom.

lMNpenedperas nortepeil Hanopa B C.10e OCHOBAaHHA (BC.i€ACTBHE
60.1b1:0#  BOIONPOHKUAEMUCTH  3TOFO  CJ05), NPHHHMEEM, YTO
18




B 061aCTH A HMeeTcs Hanop, COOTBETCTBYIOWHA HaMOPy BepXHero
G6peda, a B o6sacTh B — Hanop, cOOTBETCTBYIOWMA HAMOPY HHXK-
sero Goeda.

Jlanee, npuMepHO Ha ypoOBHe KpPHBOil Aenpeccuu (Hax 3ySowm)
IIPOBOAHTCA TOPH3OHTaAb ¥—[, CYHTasi, YTO 3Ta rOPU30HTAMb
npeAcTaBasieT Co60/ HHKHIOW NMOBEPXHOCThH BOOGpaxaeMoro Bojo-
ynopa, HaxOAsSIerocs BHINE 3TOR JAHHHUH.

3ateM nAOTHHY cJaeayer nosepHyTh Ha 180 rpebuem BHH3
{xak nokalaHo Ka puc. 11,0). Takxum o6pasom noayyaercs, YTo
cxemy pHC. 11,a Mbl 3aMEHHAM aHAAOTHYHOMH pacyeTHo# Cxevo#,
npHBeaeHHo#l Ha puc. 11,6.

Ipeacrasaensas pacyeTHas cxema Ha pHc. 11,0 cooTeerctByet
cxeMe NOA3eMHOr0 KOHTYPa B BHAC YHCTOrO WIMYHTa, AOCTATOYHO
3aray0AeHROro B TPYHT.

B 3ToM cJayuae MakCHMaJALHBA BLIXOAHOH TrpafHeHT J,,, Ha
NUBEPXHOCTbL JAHA HHXHEro Ooeda MpeacTasiser CoGOA BeAUYHHY,
XapaKTepu3ywmLyio BeCch (QuUABTPAUHOHHHA NOTOK B LeJOM, T. €.
OCHOBHYI0 004acTb (PHAbTPaLuH, KOTOPas NpeacTaBARET HHTEpec
{nckaouan OCTpPHe WINYHTAa) UPH PacCMOTPeHHHM KasyaabHOR
- (UABTPAUHOHHOR NMPOYHOCTH OCHOBAHHS.

YuuToiBasg HIJNOKEHHOe BHIUE, B KAYECTBE KOHTPOJHD) oulero
YKAOHA J, AAA YKCTOrO WINYHTA MOMHO MPHHATH BEAHUHHY Jyur,
T. €.

Iy = Jpnx- (18)

Beauunka Jo. (8 caenosareasio u J,) onpeje.iserca no cae-
ayioweh dopuyre [4): Z

Ju = Joux = 0318 5~. (19)

Ecau Buuucaennuft no dopmyae (19) J, < (J,)y ann xaHHoro
FpYHTa TeAa NAOTHHH, TO 3TO YKa3blBaeT, YTO pa3Mep 3y6a S,
Ha3HayeH MpaBHALHO.

B npoTHBHOM cAyyae CAeayeT H3MEHHTb BEJHUHHY S;, KOTO-
pas MoXeT OuTh onpexencha u3 ypassenus (19). B srom caywae
B ypasuenue (19) Bmecto Jy creayeT MOACTABHTL 3HaUECHHWe (AN
AAf AAHHOTO MaTepHaia MAOTHHH W PELIHTb ero OTHOCHTEALHO S;.

Beanuuna S,, noxasanHas Ha puc. 11,4, moxer O6uTo onpe-
AeseHa N0 H3NOXEHHOMY BHIIE METOARY.

Paanea NI. PACYET HOPMAJBHOA ®HJIbTPALIMOHHOR
NPOYHOCTH FPYHTA TEJA MVIOTHHB W F'PYHTA
OCHOBAHHA

3.1. OBLUME NONOXEHHA

dravTpa unonuo-cydupbauou HOfA NPOYHOCTLIO TPYHTa
(HAH 3eMARHOTO COOPYKEHHs) HA3BBAIOT CNOCOGHOCTH TPYHTA

2 19




A A i

&
e S e : A e 8 R o ot IR
e o e A it e D M) it T i AT B

CONPOTHBASITLCA BO3HUKHOBEHHIO (PHABLTPAaUHOHHEIX AedopMauHit.

OuasTpatHoHHO-cy$dO3HOHHAE TNPOYHOCTL TPYHTA, KOTOPAsE
MOXET OnTh HapylleHa B psile H3BEeCTHHX Hau6oJee CJAabHX
MECT NONEpPevuHOro npoduns COOpPyxKEHHs (NAOTHHH) Ha3bi-
BaeTc! MEeCTHOH GHALTPaUHOHHON MPOYHOCTS IO

®UaAbTPAUHOHHHMH AedpOopPMAaUNAMH IPYHTa Ha3bBa-
10TCc TakHe Redopyauny ero TeepAohk $a3asl, KOTOPHE BH3WBAIOTCH,
I1aBHBIM 0OGPa30OM, *CHAaMH THADPABAHYECKOTO BO3NEHCTBHA M BO3-
HUKAIOT B pedyabTate cyddositH, KOAbMaTaXKa, KOHTAKTHOrO pas-
MHBa, BHNOPAa ¥ Op. ) '

Caeapyet pa3nnyath 6e3onacHue (UAbTPaUHOHHHE Aedop-
MallHH, KOTOPHIE C TEYEHHEM BpEMEHH NPeKpallalTCs H He TI'po-

. 3AT UENOCTH CNOPYXKEHHA, M ONMacHHEe (PUILTPaUROHHBE:
Aedopmannd, B pesyabTaTe KOTOPHIX COOPYMXEHHE MOXKeT pa3py-
IIHTHCH,

Besonacubie ¢uabTpauvonnsle aedopmaunun (B Biae Ge3onac-
HHX cyddo3uii ¥ KOALMATaXKa) B GOJbIIeR HAH B MEHbiieH Mepe
BCerla HaGaloAal0TCA B FPYHTOBOM MAaCCHBE B HAaua/bHHIA nepHox.
€ro SKCAAyaTauHH.
Anaava xapTHHel OUABTPAUNN B 3€MAAHBIX H KaMEHHO-3eMJf-
HBIX NJOTHHaX W HX OCHOBaHusax (n. 3.2) mokaswiBaer, 4yTO 1npH
HaJIHYHH GUALTPaUMH, (GUALTPALHOHHHA NMOTOK OyAeT B3aHMO-
JAEACTBOBATL C Pa3HYHBIMH 3JEeMeHTaMH IJIOTHHB! M MOXET CO3-
JaBaTh, MPH COOTBETCTBYIOWIMX THAPOAHHAMHMYECKHX YCJOBHAX,
cooTBeTCTByOlHe (uavTpauuonuo-cydpdo3vonHtie aepopmausu,
yxa3aHuuwe B m. 3.2,
PuanTpaunonno-cyddosnonnas npouHocTs Ji0GOrc saeMeHTa
MIOTHHEI (NOHYpa, SAPA, KPElJaeHHs, APeHaxa M Np.) 3aBHCUT,
I1aBHbBIM 06Pa3oM, OT BeJHYHHE AeHCTBYIOWHX rPAAHEHTOB HAlOpa
(puc. 12) u or ¢uabrpaunorHo-cypdo3uournx csoficrs (cyddo-
, 3HOHHOCTH, CBA3HOCTH, TrPaHYJOMETDHYECKOro cocTaBa u mp.)
4 Marepua.ia rpyHra.
: CaenoBaTenbHo, YTOGH He NPOUCXOAHAO HAPYuIeHHs (uAbTPA-
LUHOHHO-cy(pdo3uonHOA npouHOCTH H YCTORUUBOCTH Awboro 3je-
MEHT4 MJIOTHHH, a CA€J0BATEAbHO H COOPYIKEHHS B UEA0M, JONKHO.
OHTb BLIMOJIHEHO CJAELYIOIIEE OCHOBHOE YCAOBHE:

ldln < Jzom (20%
rae Jpq — rpasHent Hanmopa B 06NACTH DPACCMATPHBAEMOrO SneMEHTa NNOTHHLE
HAM B €e OCHOBaHHH (PHC. 12); Jyon RONYCTHMBIA rpaiHeHT Hanopa AN AAHHOTO
KOHKPETHOro caydas.
[Tpu atom J,o, AoMmer GuTh Menbmie Jy, € yuetom Kosbdn-
LIHEHTA 3anaca R, T- €.
k: 1
F = Jyp T 21
Jxon KP Raan @1y

; 13 npusesennoro Bbile caeayer, WTO Hapyuienue uabtpa-
h hnaouﬂo-cyq;q)oanonuon NPOYHOCTH MOXET HMEeTL MeCTO B TOM
: cayuae, ecau He 6yayr cobmogenul ycaosua (20) u (21).
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PyKoBoaCTBYSICb NPHBEIEHUBIMH BLIlLE NMOJOKEHHAMN cieayer
B KaX<IlOM KOHKDPETHOM CJYyude:

a) yCTaHAaBAHBATh OCHOBHME BHb tuabTpauHosHo-cydppoau-
OHHEIX AedopMauud, KOTOPhE MOrYT HMETL MECTO B npoinecce
QHIBTPAUMK B A3HHOM COOPYKEHUH H €r0 KOHCTPYKTHBHBIX 3J1€-
MEHTaX B AAaHHHX KOHKDETHbIX YCJAOBHAX;

a) waxam 8orwer

" g

e s N2
— T g, Na. \Z» 3

w yHE
e
BE gy -] .
20 L 1
7~ Bodoynop “—— - @enamc

A 5 {Bepmun)

i Jcs;@ h

Puc. 12. Bosuoknsie $uasrpaunosno-cyddosuonnsie
RedopMaltiH B 3eMAKULIX H KAMEHHO-3eMASIILIX TAOTH-
HAaX ¥ HX OCHOBAaHHAX

4—01HOPOINAN NAOTHUA HA CTOHCTOM OCHOBAHUH; ( —KAMEHHO-3EM.If~
H3 NAOTHHA Ma CKAJILHOM OCHOBAHMI; ',C —rpaanedt cydposnn

8 Yelxe NIOTHHH, B TPYHTAX OCHOBaHMH, JK—I‘]IIAMCHT KOHTAKTHOTO

pa3mMuiBa  (TE.10 NAOTHHHI—OCHOBAHNKE; MeK1y CAROAMH OCHOBAHIS;
CKBAA—CPYHT OCHOBENHA NACTRHW H NP.): J.u“-rpa,men'r asnopa

TPYHTS; J“—rpa.wetrr B8X02a HALTPAUKOHHOTO ROTOKE B APEHAK; i
Jp—TPAANEHT nmyApcaunuH B GHILTPOBOH NOATOTOBKE (OT HAKATA It

€Nala BOAHM); B—-006AaCTb MECTHOTG BHINOPA FPYHTA B CAYYae BHXO-
A2 KPHBOA ACNPEeCCHH HA OTKOC; A-—CONpAAeHIte CBIIHOrO W HECRN3- :

HOTO rpynTOS [ocnol;luml; J;(‘.x)c-pacuemun (MaKkciMabiuif) rpa-

RHEHT BLICAYHBAKNY M3 YPOBHE ROAL HUXKHero Gbedra; 2-yroa Ha-
KAOHA HH3OBOTO OTKOCZ HAPR K TODHIOHTY.

G) onpeaessiTb HX KOAHYECTBEHHbE (YHCAEHHbIE) 3HaueHws, ;
KOTOPHIE JOMKHE ABAATLCA HCXOAHHMH JMaRHHIMH H KPHTEDURMH
NUPH OUEHKE MaTepHala IPyHTa W NPH NPOEKTHPOBAHIH KOHCTPYK-
UHAl 1 paaMepoB NPOTHBOPHALTPAUMOHHHIX YCTPOACTS.

B o6uieM cayyae ROMKHH pelwaThC CAEAYIOUIHE OCHOBHHIE
BONPOCH, KakK-TO:

a) onpeaeseHHe reohH3MUECKHX H PACUETHBIX XapPaKTEPUCTHK
TPYHTOB paccMarpHBAEMOro 3eMASHOTC COOPYHEeHHs H €ro OCHO-
BaHHS;

6) onpeaeaenue cygpdosnonnoctd (Hecyddos3runHOCTH) pac-
CMATPHBAEMBIX I'PYHTOB;

21
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B) onpejejenue KPHTHYECKHX (MECTHBIX) rpaideHToB cydpdo- :
3HHM, KOHTAKTHOTO Pa3MbiBd, BLIIOPA, BHICAYMBAHHA H T. N.; j

r) onpeje/neHHe pPa3MEpPOB BHHOCHMBX (PHIBTPALHOHHHM [10- ‘
ToKOM Ccyddo3nouHnXx uacTy (d,) rpyHATa H HMX KOJAHYECTBa, }. !
B 3aBHCHMOCTH OT BeJHYHHW AEACTBYIOWHMX IPajHEHTOB HAmopa;

A) YCTaHOBAEHHE AONYCTHMHX H PacyeTHBIX IPAAHEHTOB Haro-
pa H AONYCTHMOro JIPOLEHTa BHIHOCA H3 PacCMAaTpHBaeMOro rpyHTa
MEIKHX CyPPO3HONHBIX 4aCTHU, OT BHIHOCA KOTOPHIX He Hapy-
1IaeTCs MPOYHOCTS H YCTONYHBOCTD 31€MEHTOB COOPYKEHUA
B LleJOM.

B Tex cavuasx, koria (puabTpaudoHHO-cyddo3HOHHA Npoy-
HOCTb COOPYAKEHHS HJAH €ro OTAENbHHX KOHCTPDYKTHBHHIX 3/€MEH-
TOB He o6ecneqHBaeTCs, AOJKHH OHITh HaMeUeHH H OCYULeCTBJAEHN
COOTBETCTBYIOWHE PALHOHAAbHHE HHKEHEDPHO-KOHCTPYKTHBHbIE
MEPONPHATHA MO YNPOYHEHHIO NPOEKTHPYEMOro WJAH CYLUIECTBYIO-
LEero COOPYXEHHSl HJH €ro OTAEAbHLIX 3JEMEHTOB C TeM, 4TOOH ‘
Obi1a obecneyeHa ero HaAeXKHOCTL H J0JrOBEYHOCTb, Kak B Ie- !
pHOA BBOJA B 3KCNJAVATAIMIO, TaK M B mpoliecce ero RanbHedued !
AAHTeABKEOH PabOTHI. :

b g 2epate

3.2. OCHOBHBIE BHABI ®HALTPALIHOHHBIX AEPOPMALHH j
B 3EMJISHBIX H KAMEHHO-3EMJISIHBIX MAOTHHAX

Ha puc. 12 npeacrtasaensl nonepeyHuie paspesnl 3eMAAHON W
KaMeHHO-3eMISHOM INJIOTHH, M3 KOTOPHX CJEAyer, 4TO B 3aBHCH-
MOCTH OT KOHCTPYKIHH MJOTHHB H €e 3/]eMEeHTOB, OT COCTaBa
FPVHT4 Te.1a IIOTHHBL, @ TaKXe OT FPYHTa OCHOBAHMA H ero
CTPOEHHs, 1pH BO3ACHCTBHH (HALTPAUHOHHOTO MOTOKA HA COOPY-
XEeHHe, MOTYT HMeTb MecTo (OpH onpeje/eHHHX THAPOAHHAMHYe- ‘
CKHX YCI0BHAX) COOTBeTCTBYoulne HALTpauUOHHO-CydPo3HOHHbIE
AepopManiiy KAk B CaMOM TeJe NJOTHIB W €e OCHOBAHHH, TaK U
B OTJ€]bHHIX KOHCTDYKTHBHLIX 3.J€MEHTax.

B 3eMAaHLIX ri1POTEXHHUYECKHX COOPYXKEHHSAX MOTVT HMeTb

MeCTO CJeAyoliHe BHAB (PHALTPAUHOHHKX J1e(POPMAUHH TPVHTA.

3 1) Cyddo3ua rpyHta Tena NJOTHHH H TFPYHTAa (rPyHTOB) oOC-
HoBaHudA, puc. 12,a—J e (cM. n. 1.2--cyddnaun).

B npouecce cyvddoanu (BHVTPEHHE) MOXKET HMeTb MeCTO it
KOJbMaTak TPVHTA Tela HJOTHHH HJAH TI'PYHTA OCHOBaHHA,
KOr4a Me.IKHe YacTHIIW, ABHAKVUIHECA B MOpax rpyHTa, 6yayT He
NPOHOCHTHCA Yepe3 TO.AULY IPVHTA, a OTAaraThes B KaKofi-/160
06.1aCTH TPYHTOBOTO MaCCHBA.

Momer usert Mecto ¢yddo3na Ha KOUTAKTAX KPynHO3epHu-
CTHX 1I MCAKOIEPHHCTHX FPYHTOB — KOHTaKTHas cyddo3us (cm.
puc. 12, a, J.., Hawaokuas cTpeaka).

3 B stom cavuae oda npuMmmkaiouiie Apyr K Apyry rpyvira
] MOTYT OBITL # Hecy@do3uonna M. ()JIHAKO, HPH HATHYHR
ONpeleIeHHBX  COOTHOIICHI PAHV.INUETPHUECKUX COCTABOB H

ERESSE. NN
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THAPOAHHAMUYECKHX YCAOBHA, KOHTAKT MEMXAY HHMHM MOXEeT Xa-

paKTepn30BaThCAd OOJBIIHMYE (UALTPALHOHHBIMH AedOPMaLHAMH.
IO ycTaHOBAEHHS HAJNHYHMA H ONpeleseHHs BeAHUHHW (PHALT-

pannouHo-cydpdosuoHnnx pepopMmauni:

a) caeayer YCTAHOBHT: ©Y(PPO3HOHHOCTD T'PYHTOB Teaa H OC-

HOBaHHA NJOTHHH, T.€. YCTAHOBHTb, ABASIOTCH AW RaHHBIE TDYHTHl
cybdo3uoHHLMH HAN HecydpoanonHuMH (cM. 3.3, n. 2°);
" 6) ecin OKawercs, UTO TPYHTH ABAAKTCH Ccy(pdo3HOHHBIMH,
TO B 3TOM CJAyuae CJA€1yeT ONPEACNHTb BEJHUYHHY KPHTHYECKHX
rpagnentoB cyddosun Jy, H CPaBHHTH HX C ACHCTBHTEJbHBIMH IAS
JAaNHOro coopyxenus [c yuerom (20), (21) u 3.3, n. 3°], 1. e.
YCTaHOBHTb, ABAAIOTCA JH B JaHHOM Cayyae A5 COODYXKeHHS
Kak cypdosns, tak B GuAbTpaUHOHRHE AedopPMaUUH ONACHBIMH
HAn Ge30macHBIMH;

B) PEIlHTb BONPOC O HEOGXOAHMOCTH RBHINOJHEHHsA, COOTBETCT-
BYIOILKX HHXEHEePHHX MeponpuaTuii mo obecneuexuio Gu.ibLTpa-
{IHOHHOM NMPOYHOCTH COOPYKEHHd.

2) KouTak THNA pa3aMeB rpyHTa Tea NAOTHHH (s52pa) H
rpyHTa OCHOBauus, puc. 12,a, 6—J,.

B ruapoTexXHHYECKHX COOPYXEHHAX M HX OCHOBAHHAX MOTYT
BCTPEYATHCH KOHTAKTH MEXKAY MEeAKO3EPHHCTHIM H KPYNHO3EDHH-
CTWM rpyHTamud. Hanpumep, rpyHTa TedAa NJOTHHH C TPYHTOM
OCHOBaHHsl, MeXAY CJAOAMH [PYHTOB oCHOBaHHA (puc. 12,a—J),
rpyHTa AApa NJAOTHHH C FPYHTOM NEPBOTO CA0A GHALTPa nepe-
xoxHO# 30HH (puc. 12,6—J,).

Caeayer pa3avyaTh Chefyloulde BHAB KOHTaKTHOTO pPa3MbiBa:

a) MEJKO3EPHHCTHA TPYHT—KPYNHO3EPHHCTHI T'PYHT;

6) rauHHCTHIA (CBA3HKA) rPYHT— KPYMHO3EPHHCTHIA TPYHT;

B) MEJKO3EPHHCTHIR HJAH FJAHHHCTHA (CBA3HHI) TrpyHT — TpE-
wuHoBaTan ckana (puc. 12,a, 6, cM. o6aacts A u b).

IMoa Bo3apeAcrBHeM  (HABTPALUHOHHOrO NOTOKA, HAYLLErO
B KPYNHO3EPHHCTOM I'PYHTE HJH B TPEWIHHOBATOR CcKaJse OCHOBa-
HHa (puc. 12,0), npu COOTBETCTBYIOUIHX THADOAHHAMHYECKHX yC-
JOBHAX H KPYMHOCTH 3€DPHOBHX COCTABOB, ME/JKO3€PHHCTHA IPVHT
MOXEeT MOABEPraThCA KOHTAKTHOMY DPa3MbiBy, B pe3yabTaTe KOTO-
poro B KOHTAKTHOM 30HE MOTYT WMeThb MecTO G(uabLTPaUHOHHHE
AedOpMaLHH, a8 B HEKOTOPHX CAYYasX 3HAUHTeAbHbIE, ONacHbe
AAS MPOYHOCTH H YCTORYUBOCTH COOPYKEHHS.

B naHHOM cayyae KOHTAaKTHDylOWIME Mexay COGORt TPYHTH
JAOJMXKHH ObLTh NPOBEPEHH HA BO3MOXKHOCTb KOHTaKTHOTO Pa3MbiBa
C Y4eTOM JaHHHX THAPOAMHAMMYECKHX YCAOBMA C TeM, YTOGH
YCTAHOBHTbL BEJMUMHY M pasMeph BO3MOXHHX JAedopMauHi,
8 TaKKe HAMETHTb COOTBETCTBYIOMIHE MEpONpHATHA NO IIX npe-
AynpexJesio (M yCTPaHeHHIO), ecAH B STOM HMeeTcAa Heo6GXo-
Aumocts (cm. 3.3, n. 4°),

3) MecTHuft PHAKWTPALHOHHLA BHDOD rpyura, Koraa
noa aefcrpreM GHUABTPAUHOHHHX CHJA MOYET NPOH3ONTH OTPHB
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M nepeMellene HEeKOTOporo odvema rpynTa (puc. 12,a - Jyuqnau
B TOYKE ,a“), .

Jauust#t BHA GHABTPAUHOHHBIX JedopMAuUfA MOKeT HUMETHh
MECTO B MPAaKTHKE THAPOTEXRHYECKOro CTPOHTEALCTBA B TOM CAY-
Yyae, KOrAa ILIOTHHA PACIONONEHA Ha OTHOCHTE/ALHO TOHKOM CRoe
FAHHHCTOrO HJAH MANOBOAONPOHHLAEMOro TPYHTa, & MOA CAOeM

TAHHUCTOrO HAH MRNOBOAONPOHHUASMOrO rpyHTa 3aserder necua-.

HWil CAOA C OTHOCHTEALHO OOJbIWIER BOAONPOHHUAEMOCTHIO,
puc. 12, a: caoft I-*raunuctut, ¢aoft Il—necyanuf.

B cayuae OTCYTCTBHA JAPEHAXA HA HH30BOM KAHHE IVIOTHHM,
HAH B cJyyYae, KOTAa JPeHa)m HHU30BOTO KJAHHA NJIOTHHH 33KOAb-
MaTHPOBaiCA (HAK 3aCOPUMACA NPH CTEKaHWH BOAM MO OTKOCY),
KPHBaA JeNpecCHH MOXeT BHK/JIHHHBATHCA HA HH30BOM OTKOCE
(puc. 12,a; rouxka ,a*). Tlpn 31oM B 30He ,B noa aeficTsuex
GUILTPALHOHHBX CHJA MOXeT MPOH3OHTH MEeCTHH A duabTpa-
HLHOHHB R BHIOP.

B nepBoM cJayyae, NO rHAPOTEXHHYECKHM YCAOBHAM (UALTPA-
LUHOHHOTO MOTOKA B OCHOBAHUH COOpykeHus (c yyerom aeficrayio-
IMX TPAaAMEHTOB HaNoOpa) CJAeAyeT YCTAHOBHTh BO3MOXKHOCTH
(HeBO3MOXHOCTb) TakHX AedopMauHA H HAMETHTb COOTBETCTBYIO-
He MEpPONpHATHA NO HX YCTPaHEHHIO, €CiH B STOM €CcTh Heob-
XOUMOCTb. 4

Bo Bropom Cayuae creayerT HAH yBeAHUHTH MOJOrOCTh OTKOCA
HJH NOKPHITH MOBEPXHOCTb OTKOCZ BOAONPOHHUAEMOR NPHrpy3KO#
(cMm. n. 3).

4) ledbopmauuy rpyHTa B o6sacTH ApeHaxa, NPH
BXoae PHABTPAUHOHHOIO NOTOKA B ApeHax, puc. 12,a—
Jax (NYHKTHPOM TNOKa3aH TPyOUATHil APeHaK).

B 3rom cayuae, npH HeAOCTATOYHWX pa3Mepax NPH3Mb TPYO-
YaTOro ApeHaXka W TOAIMHBI HACJOHHOIO APEHaXa, a TaKxe
COCPEIOTOYEHHHX TPafHEHTOB BXOAa (HALTPALHOHHOIO MOTOKA
B JpPeHax, & B HEKOTOPHX CAyYasX OT HENpPEBHALHO (MAH He
coBceM TulaTe/]bHO) 3aNPOEKTHPOBAHHOrO (NOAOGPAHHOrO) MEPBOro
C10 (pUABTPA, BO3IMOXKEH BHIHOC IPYHTa Te/la MJAOTHHW H TPYHTA
OCHOBAHHS B MPH3MY JPEHa}ka, YTO MONKET BH3BATh HEJOMYCTH-
MYIO TIPOCaAKY M ero 3aunende (KO/AbMAaTax), a B HEKOTOPHIX
CAYYaARX BHIXOA H3 CTPOA.

B aanHoM cayuyae pasmep npuaMui (TpyGuaTOro) IApenaxa,
TONMMUKA CI0st (CAOEB) HACAOHHOIO' ApeHaXa H IpaHyIOMeTpHYe-
CKHit coCTaB mepBoro /101 ¢GHALTPA ROMKHH ObiTh 3aPOEKTHPO-
BaHbl TakHM O6Pa3OM, 4TOGH MCKAWYAAKCL YKasaHuwe Aedopma-
unH (cMm. m. 3.6).

5) lepopMauuHu TPyHTE 3eMAAHHX OTKOCOB OT
BO3/]eRCTBHSR BOMH Ha oTkoc (puc. 12,a—J,). [pn nakarte
H CMaje BOJAHH HAa OTKOC COOPYXXEHHR, HMeOWHR KaMeHHOe AU
Kene306eTOHHOE NOKPHTHE, YCTPOeHHoe Ha (HALTPOBOR noaro-
TOBKe, B cA0€e (PHALTPOBOR MOATOTOBKH BO3HHKAET NMyJAbCHPYIOLLAA
duabTpauusa, 0T AeACTBHA KOTOPOA- MOXET OHTh HapyiieHa npou-
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MOCTh QHALTPOBOA NOATOTOBKH, a CAEAOBATEAbBHO H YCTOAYMBOCTH
«<8MOro OTKOCca. :

. Bo wu3bexanue HemenaTeJAbHHX NOCAEACTBH, 3aNMPOEKTHPO-
sanHan (noao6paHHan) ¢HALTPOBAR NOATOTOBKA AOMKHA OLTh
MIPOBEPEHa HA YCAOBHE paG&rH MpH Nyabcupywoue ¢(uabTpaunu,
NPUHHMasA BO BHHMaHHE €e rpPaHy/JOMETPHYECKHR COCTAB IpyHTa
M 32/0XeHHe OTKOCaZ JaHHOro coopyxenus (cMm. n. 3.7).

6) NebopManuuu rpyHTa NmMOHYypa, sKpaHa, sApa.
Ilps npPOEKTHPOBAHHH NPOTHBOPHUALTPAUHOHHEX YCTPOKUCTB B le-
-ANX NPeAOTBPAUICHHA HADYWweHHA (HALTPALKOHHOR NMPOYHOCTH H
HeAoONycTHMHX aedopmaunit TPyHTa NOHYpa, 3KpaHa, fAipa, He-
-O6GXOAHMO YYHTHIBATbL CJAEAYIOULHE!

a) TOJMWMHHA BOHYpPAa, 3KPaHa H AAPA AONKHA COOTBETCTBOBATH
rHAPOAHHAMHYECKHM YCJHOBHAM H TPeGOBAHHAM, NpPeAbABAAEMEM
K TPYHTY NIPOTHBOQHALTPAUHOHHHX YCTPONCTB;

6) rPYHT OCHOBAHHA NOJ MOHYPOM JOJKEH OHTL Takoro rpa-
HYJOMETPHYECKOr0 COCTaBa, NPU KOTOpOM obecneynsBanaco Obl
«bHABTPALHOHHAA NPOYHOCTH MOHYPA, 4 AAA 3KpaHA H AAPa NJO-
“THHB C HH30BO# CTOPOHB JAO/MKEH OHTL MOAOGPaH M YJAOKeH HAH
KapbepHH#l TPYHT HJAH (HABTP, FPaHyIOMETPHUECKHH COCTaB KO-
TOPHX JAOAxeH obecneynsaTh (UABTPALHOHHYIO MNPOYHOCTL H
YCTOAYHBOCTbL 3KpaHa H siApa.

33”5(338Hl'll:le BbIlI€ VCJAOBHA JOJAXHBL YYHTHBATbCA, COrJMACHO
. 3.8.

7) JedbopmMauuu B30oHE conpAaKeHna aapa (3kpa-
‘Ha) MJOTHHH C OCHOBaHHeM. B 30He nNpUMLKAHHA MaTe-
puana sapa (3kpaHa) K TPEULHHOBATOH CKajke OCHOBaHHS, GeToH-
HOM Moayluke MAK GeTOHHOH MpoGke (yCTpamBaeMofl B pycie PeKH)
MOTYT HMETb MeCTO aedopMaliHH TpyHTa sAapa (IKkpaHa) BCAeA-
CTBHE HapylleHHA ero QUALTPAUHOHHOH NMPOYHOCTH: KOHTAKTHOH
uALTPARKH, Pa3MbiBa IPYHTaA f/pa MO CYIMECTBYIOUHM TPEIlHHAM
CKaaAbl OCHOBaHHA HAH TpeulHHaM, OOPa3yIOIHMCA B OCHOBAHHH
B NMEPHOA SKCHAYATaUHH COODYKEHHS.

KoHTakThasd 30Ha COMPHXEHHS MaTepHaja AAAPA C OCHOBAHHEM,
faBAReTCd CAaGLIM MeCTOM, TaK KaK NPH NPOH3BOACTBE paGor no
yKA2AKe W YOJAOTHEHHIO TPYHTR, OCOGEHHO B Y3KHX KaHbOMaX, He
Bceraa AocTHraercs TtpeGyemas NJAOTHOCTb, KA4YeCTBEHHas NJO-
waauas ueMeHtTauus # np. [lostomMy conpstkeHnuio rpyHTa s.1pa
{3KpaHa) NAOTHHH C OCHOBAHHEM AOJIKHO YAEANTLCH 0COG0E BHH-
1 MaHue, a HameuaeMue ngax-mqeckue MeponpHAtHA A0MKHb OHTHL
: adpexTHBEHMH (CM. N, 3.9). i

33, METOJN PACUETA NO ONPEAENEHMIO ®HJIbTPALMOHHBIX
JAF®OPMALM{ T'PYHTOB

‘ PuabTpauHoHHble AedopMauuuM TPyHTa, CONMPOBOKAAIOUINECHA
: HapyuienseM ero Teepaof ¢a3n, BH3LIBAIOTCA, IMABHHM 06pa3owm, :
CHABMH THADABAKYECKOrO BO3ARACTBHA, _KOTOpWE H NPHBOAAT 1
3 X HEpPYUICHHIO €ro NPOvHOCTH. o ]




Onpeaesenne HX KOAHYECTBEHHHX (YHCACHHHWX) S3HaYeHHA,
KOTOpbie ROANKHH SBAATHCA HCXOAHBIMH AAHHLIMH H KPHTEDHAMH
npM ONEeHKe MATepHaAA IPYHT2 H NPH HA3HaYeHHH pasMepoB W
KOMCTPYKTHBHEIX SAEMEHTOB NPOTHBOPHALTPAUHOHHHX YCTPOACTS,
PEKOMEHAYETCH OnpeAeAsTh NO METOANKE, H3AOXKEHHOR HHXe.

1°. Onpedeasenue OCROSKBX 200PuU3ULECKUX U PACYLEMABX
Xapaxmepucmux gyumoa. JAas onpegeneHuf QHALTPAUNOHHO-
CyQ@POSHOHHLHX CBGHICTB rPYHTOB NPOEKTHPYEMOro (HAH OCYyMecT-
BAEHHOTO) COOPYMeHHA H €ro OCHOBAHHS AOJIKHH GHTh H3BECTHBE

WX reoH3UUECKHe, H PACUCTHHE XaPAKTEPHCTHKH, B COCTAB KOTO-
PHIX AOANKHH BXOKHTH:

— rpanyaoMeTpuyecknfi COCTaB rpyHTa, ¢ yKa3aHMEM pasuepos CAeaywhwx
pacverhnx Opaxunh: dyyn, @3, dyo, dyz deg dioen MM;

— o0beMHER BeC FPYHTA Yox, 2/CM%;

—YyAeapHuil BEC JACTHL TPYHTa 3, 2/cud;

— NOPHCTOCTD, M,

d
— KOSQPHUHEHT PIIHOIEPHRCTOCTH, 7 = ﬁ;
— KOSOOHUHEHT GHALTPAUNN R, cM/ceK.

A cBR3HHX rPYHTOB (CYTAMHKOB H TAHH) AOMNOAMHTENLHO:

— cOxepXaHHe TAMHUCTHIX dacTuy 4 < 0,005 mu, %; ’

— BaaxHoCTb (ecTectsenunas), W;

— npeaen TexyuectH, Wi;

— npeaex packaTuBanuf, Wy,

— YiCA0 NAACTHYHOCTH, Wy

TIpuBefeHHbIE BbIlIE@ XaPAaKTEPHCTHKH IPYHTA COOPYXKEHHA HAW
€ro OCHOBAHHA ABJSAIOTCHA pacCueTHHIMH NapaMeTPaMH AAf Kayioro
TPyHTa, TIPn oONpeaeneHnn ero GUABTPAUKOHHO-CYPPO3HOHHBIX
cBoicts (cyddo3un, KPuTHUECKHX rpaaHeHTOB Cy(ddO3HH, KOH-
TaKTHOTO PAa3MbiBa W 1P.), AOAKHH OHTL OGOGIMAIOUIHMH H Hau-

AyumnM OGpa3sOM XapaKTEPH3OBATh PacCMaTPHBAEMHA COCTaB
IpyHTa.

2°. Onpedeaerue cydgosuonnocmu  (necygosuonnocmu)
2pyKMos u npoyenma 8uHoca cypposuonnux vacmuy®*. [asn
peieHus BONpOCa, ABAACTCH JaH XAAHHMA rpYHT CY P PO3HOHHH M
Han HecydPO3HOHHLIM, PEKOMEHAYETCH CACAYIOWHA MeTOX
pacueTa. '

a) o sapannum napamerpam (nm. 3.3, 1°) uccaeayemoro rpyn-
T3 ONpeAeAsieTcs AHAMETD MaKCHMaJbHHX G(H/IbTPALHOHHHLX TOP
B rpyHte 4™ no caeayiowef saBucumocth M. Il. Mapunua [6]:

2N = 0,455x W j:n;ldrv )

rae » — ko3 PHuUHEHT HEPABHOMEPHOCTH DACKAZXKH VACTAR B [PYHTE HAM K03~
dHUMEHT A0KAALHOCTH CYPPO3HH:

x =14 0,05, (23)

* Onenka rpyHTa no reoMeTPHYECKHM KpHTepHaM (6e3 ywera FHAPOAHH3-
MHKH QHALTPALHOHHOTO MOTOKZ, KOTOPYIO CREAYET YUHTHBATH B KAKAOM KOHK-
peTHOM cayuae paboTu cOoOpyxeHHR).
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w=%—xos¢¢unnem PA3HOIEPHNCTOCTH FPYHT3a; 7 — MOPHCTOCTh (B XOANK
CARHHUN); di; — AMAMETD WACTHU, KOTODUX COAEPKUTCH B rpynre 179% W MeHs-
we (no mecy). .

6) MakcHManpHHfA pPasM@p YACTHL, KOTOpHEe MOTyT GHTb Bhl-
HeceRn (QHALTPAUHOHHHM NOTOKOM H3 XAHHOTO IPyHTa (NpH ofi-
PeACACHHLIX THAPOAHHAMUUYECKHX YCAOBHAX), Oonpejeasercd cae-
Ayiouieft 3aBHCHMOCTLIO:

dUC = 0,77 4%, (24)

Ecan oxaxercs, uTo HafiieHHRfi no 3aBACHMOCTH (24) MakcH- i

MaabHuA pa3mep cypdosHonnbx uacTuy def'C MEHbIUE MHHHMAAb-

HMOro pasmepa 4YacTHu rpynra d“*, T. e. !

d:,"c < dMns, (25) f
{
TC TAaKOA TPYHT CAEAYET CUHTaTh KHeCcy (PP O3 HOHH K M, TaK KaK ‘
M3 TAKOro TPYHTa HE MOTyT BHHOCHTHLCH H CaMbleé MeEJKHe ero
TACTHIH.
7 Ecan oxaxercs, uto
! Ak 5, g, .(26)

70 TakoR rpyHt caeayer cunrath cypdo3unonu M. U3 Takoro
TPYHTA MOLYT GuiTh BMHECEHb BCe WACTHUM, KPYNHOCTH KOTOPHIX
- MeHblue NAK pasua de , €CAH CKOPOCTh QHALTPAUWM (rpaaHeHT
' Hanopa) Oyaer GoAbuie KPHTHIECKOR ¥, (/,,).

8) IpakTHka nokaswBaer, 4TO €CAM W3 rpyHTa GYAyT BhHE-
CeHbl CAMBE MeJAKHe He3auleMAEHHHE ero YaCTHUW B KOJNHYecTBe
He Goage 3—5% no pecy, TO MPOYHOCTb TPYHT3 He HAPYUIHTCA. i
Caenosatensno, ecan det < 3% (5%) no Becy, To Taxoft 1 1
TPYHT CACAYET CUHTETH NMPAKTHYCCKH HECY(DPO3IHOHHH M. ;
r) CeasHue (rANWMCTHE) rpYHTH, OGAaA8IOUIME MOJEKYARp-
HHM CUeNJEHHeM MEXAY OTACALHHMHK YaCTHUAMH H MX arpera-
TaMH, HMENIHe THCAO. NAACTHYHOCTH W, 5, sBaswores necy ¢-
GO3IHOHHHMA, :
&) Onpejenende MaKCHMAALHOTO BO3MOXHOTO NpPOUEHTa (%)
BuHoca cyPpdosnormbix HacTHR H3 cypdosuonHOro rpyeta mno :
TeOMeTpHUCCKOMY KpHTEpHIO (6e3 yueTa THAPOAHHAMMHYECKHX 3

YCAOBHA) NPOMIBOANTCS CAGAYIOUIHM OGPA3OM. '
BuuncaeHHNA NO 3aBHCHMOCTH (24) maxcuMaasuuft paswep
<ypdosnonnux uactnn 4¥%* HAXOZKM NO rpaduxy KpuBOA rpa-
HYJAOMETPHUYECKOrO COCTABA IPYHTA HCKOMBIR MAaKCHMAALHHA MPO-
; UEHT BHHOCA (HA OCH OPAWHMAT). ;
: e) Ecan 2sa mecydpdosnomnux rpyura (um. 3.2, 1)— ~,
MEeAKOSEPHHCTHR H KPYNMHOSEPHHCTHA —KOHTAKTHPYIOTCH MEeXAY !
coboh (pmc. 12,a; Jipy—HAKAOHKAA CTPeAKa), TO B TAKHX CAy4a-
AX QEALTPARHONHWX AedopMaunft HabMOARaTLCA ne GyAer, ecau ~ k
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STH ABA TMPHUMBIKAIOWKe APYr K APYFy FPYHTA NO rpaMyJoMeTph-
YeCKMM COCTaBaM OYAYT YAOBAETBOPATH CJEAYIOMIEMY YCAOBHIOZ

D, -
- <B4, @

rae D, — cpeannit paawep anamerpa (GHABTPALMOHHHX NOP KPYRHOICPHHCTOrO.
rpynTa

Dy=0485 /7 1= Duii - (28).

OyKBeHHNE 0603HAYeHHA Te XKe, YTO H B 3ABHCHMOCTH (22); d; — pauep wacTHL,.
COREPMAILHUXCA B ueakoaepuncrou rpynre 3% u Menswme no BeCy.

Ecan ycaosue (27) He yAOBAeTBOPAETCH, TO B TAKOM CAY4ag:
MOXET NMeTb MeCTO KORT&KTHAA CydPo3Huq.

[as npeaorspasieHnss KOHTaKTHOR cyddo3unu—QPUabTpauHou~
HHX aePOpMaunfl—NpPOEKTOM AOJNKHH OHTbL MPeAyCMOTPeHn CO-
OTBETCTBYIOLLHE MepPONpHATHA (HanpuMep, YKJIAAKA Ha KOHTaKTe:
NePeXoRHOro ¢aos rpynTta), obecneunBaoliRe ee GUALTPAUHOHHY IO
NPOYHOCTS, . ‘

© 3° Onpedesenue xKpumuseckux 2paduermos u cxopocmelt
cypgosuu. B cydpdo3noHHHX NecyaHo-rpasHAHO-raNeHHHKOBHX
(nav meGeHOYHLIX) rpyntax OyaeT pa3BHBATHCA MEXaHHYeCKad
cyddosus B TOM cayuae, eCAH rpasuHeHT HANOPA MAH CKOPOCTHb
¢uabTpaunH B HeM GyAyT GoAbwe KPHUTHUECKHX, T. €. J > /y,

<HAH V> Vyy.

B Taknx cayuasx M3 TOAIH rpyHTa (He3aulHHIEHHOTO (HALT--
PoM) MoOryT OWTb BHHECeHH, NPH ONpeAeNeHHHX THAPOAHHAMH-
YeCKHX YCJOBHAX, BCe ero cydoauounsie wactuuw d, (or du~
H MeHblie).

Oanako Hazo HMeTh B BHAY, YTO B 3eMAAHHIX COOPYXEHHAX
{nanTunax, nepempYKax W np.), BHNOAHEHHHX H3 cyddoanoHHOro-
FPYHTa K Ha OCHOBAHHH H3 CY(DdO3HOHHMX FPYHTOB, MOTYT HMEThH.
MECTO TAKHE TrHAPOAMHAMHUYECKWE YCAOBHA (QHALTPALKOHHOTO
NOTOKA, NPH KOTOPHIX H3 JAAHHHX CyPPO3IHOHHWX T[PYHTOB HE
OyAyT BHHOCHTLCH AAXEe caMbleé MeakKe ero Cyddo3HOnHHe ua-
CTHULI, MOTOMY YTO B COOPYIK€HHH M €ro OCHOBAHHH AN HX BH-
HOCa HeT 1O BeAMYHHE TPAAHEHTOB Hanopa (OGWHUX H MECTHHX)
6oablle KPHTHYECKHX.

B Takux Caydyasx cAeARyeT CYMTATb, UTO AAHHHE TPYHTH MO
reOMeTPpHYECKOMY .KPHTEPHIO ABAAIOTCA XOTH H CYy(PPO3HOHHHIMH,
ONHaKO AN A3HHBIX KOHKPETHHX TrHAPOAWHAMHYECKHX YycaoBuh
OHH ABAAIOTCA NpPAKTHYECKH CYGDDOIHOHHONPOUHLIMH, B KOTOPHX
He OyayT pasBHBATHCA omacHbl€ Cy(pPo3HOHHHe mpoueccs H Cyd-
¢posHOHRME AeDOPMALHH. -

CaenoBateabHO, AAA TOrO, YTOGH YCTAHOBHTH CTeneHb (PUALT-
PauHOHHO-CYDPO3HOHHOA NMPOUHOCTH TPYHTA (TPYHTE COOPYKEHUR
HJAH I'PYHTA OCHOBaHHA) HEOGXOAHMO 3HATh:

a) rHAPOAVHAMHKY DHABTPAULHOHHOTO MOTOKA, KOTOPHA 6yaeT
BO31efAICTBOBATL Ha PaCCMaTPHBAEMHHA TPYHT;
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6) KPHTHYECKHE CKOPOCTH HAH TPAJHEHTH BLIHOCA, BeNHYHHE
KOTOPHX 3aBHCHT, TAaBHHIM 0OGpa3oM, oT pasmepa (KPynuwocTH)
BHHOCHMHX Ccy(pdoauonnbx uacTiy d,; (a Takke OT KosPpHUH-
€HTa QUALTPALHH TPYHTa, MOPHCTOCTH, OT XapPaKTepa pacnoaoxe-
HHA Cy(dO3HOHHEX YaCTHU B MOPAX TPYHTa H Ip.).

TuapoAuHaMuka QUALTPALKOHHOrO IOTOKA onpeseaserTcd HAH
duABTPaRHOHHLIMH pacueTaMu uaH MeroaoM II'MIA, a onpeaene-
HHEe KPHTHYECKHX CKOpOCTeR HAM KPHTHYECKHX TPAAMEHTOB Hanopa
AnA aHAAH3HpYeMoro cy(QO3HOHHOTO TI'PYHTA NPOM3BOAMUTCA NO
¢opMyaM, BPHBEREHHLIM HHXe.

Kpuruueckuft rpaauent nanopa (/,;) N0 OTHOWEHHIO MeXaHWye-
ckoft cypdo3uu, NPH KOTOPOM MOFYT BHIHOCHTLCH CY(PPO3HOHHBE
yacTHuN d,, H3 TOAIN PYHTA, HAUHKAS OT d¢j . M MEHbille, Onpeae-
AsSeTCA Mo caeayiowe 3asucuMmoctd A. H. INarpawesa [6]:

S = e |/ K., @)

%0 = 0,60 (—%:— - 1) fosin (30" + -g-): (30)

rae

fo = 082 — 1,8n, + 0,0062 (v, — 5); (£}

dgy — nnaMmetp cyGHO3HOHHHX YacTRU, HaumHad oF AXY™° W weubwe, ca; Ml —

TIOPHCTOCTD TPYHTA (B JOARAX €AHHUNL);, £ — YCKOPEHHA CHAB TaANKecTH (€=
=981 cu/cex3); 1, — o6vemunift Bec (ckeaera) rpyura, 2icud; Ypx1 2'cad —
06veMnuill BeC BOAN; v — KOIQONUHEHT KHHEMATRIECKON BRIKOCTH BOJM, C.M2/CeX;
0 —yron MeXny HANDaBAGHRAMH CKOPOCTH OQHABTPAUMH M CHAN THKECTH;

N = d—:—:- — X03hGHUNEHT PAIHO3EPHUCTOCTH FPYHTA; Ry — xoddduunent nasb-

TPaUUN rpyHTa, CM[cex.

Ecau xosdpduunent duabtpaunu rpysra ky, Henssectes, TO
B T4KOM C/lydae OH MOoXeT OuTb ONnpeleseH Mo 3KCHePHMEHTaab-
Hoft 3asucumocty M. Il. INaBunua:

- 3
*¢s=m Ve (TEL,:)'idn’- (32)

rie 9 — xoshouiment, yuursisaouuft GopMy u HIEPOXOBATOCTb YACTHU TPYHTA;
no aanunim [, X. Mpasexnoro, agexoueuuem: e;, =1 aig necvano-rpamuiino-
raseuNNKoBMX rPYNTOS; ¢, = 0,35 — 0,40 229 MEOEHOYHUX TPYHTOB; d,; — AHA-
MeTP MSCTHU FPYRTS, MEHbIE KOTOPMX B €ro coctase cofepkntca 17% no se-
Yy, cM.

Moacrasana 8 dopuyay (29) passue 3uHauewns d; H Apyrme
napaMerpsl aHAAKSHPYEMOTO rPyHTa, MPeACTABARETCA BO3MONKHLIM
ONPEACAHTh BEAHYHHY HPAKTHYECKOro TrPafHEHTa BHHOCA ()
AJ4f KaxAOro 3aaanMoro pasweps cy(dpo3HOHHBIX YaCTHL AWAMET-
pou d,, < di™ , 8 TaKKE BEAHUHHY MPOUCHTA BHHOCA ITHX ua-
CTHU (:’:.3. n. 2°, A), AAR KOTOPHX oOnpeaetreHo 3HaueHne J,,, 470
NO3BOARET OUEHNTH CTENEHb CYyPPOIHONROCTH H PHALTPAUNOHHYIO
fpPOTNOCTH AARHOTO FPYHTS. -
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Uro6ul He BO3HHKANO MeXauudeckofi cyddosus M wapywenus
NPOYHOCTH TpynTa AoakHO Omrth cobaioaeno ycaosxe (20), 1. e.
AeficTpylomuA rpaxHeHT HANOpa B TpyHTEe J, AOANKEeH GHTH MeHb-
me KpHTHueckoro rpanuenta cydpdosuu J,, Ara AaHHOrO rpyura
(h <)

Kputnaeckas cxopoctsh cybpdosnu, [as onpeaerenus
KpuTHUecKOR ckopdcTH cyddosun, mpH KOTOPOR Hapymaercs mpe-
AeasHoe paBHoBecHe cypdosuounnx wactHu d, B IpPyHTe, cCae-
ayer noabsosatscs ¢opuyaoh A. H. IMarpamesa [6]:

v = ot |/ 2L by, @

rae Gyxsennsie 06o3HaveHHs Te ke, 4To U B Qopuyse (29). .

4°. Onpedesenue Kpumuveckux padueumos u cxopocmels
KOKMQGKMHKOZ0 pa3Mbea KECBANUX U CORINMX (2AUMUCMNX)
2pywmos. Kak ykasuBajaoch B (3.2, n. 2) B rHAPOTEXHHYECKHX
COOPYKEHHAX MOTYT BCTPEUATHCA KOHTAKTH MEXAY MEeAKO3epHH-
CTHIM H KPYNHO3€pHUCTHM rpyHTamH (puc. 12,0).

Ha puc. 13 npeacrasaenbl BHAW KOHTEKTOB, KOTOpHE MOTyT
HMeTh MeCTO B IHAPOTEXHHYECKHX COOPYKEKHAX H HX OCHOBAHUAX.

0,95D¢

Joar oM By

Puc. 13. Kontaktauf# pasmums rpynta
8~ XPYNHOIEDENCTMA FPYNT —MeIX03PENCTHA FPYNT; 6—XDyINOSeD-
HNCTHR FPYKT-—TANRNCTMA FRYNT; 6—-TPOINNOBATES CKARS —~TANNW-
cTuft nan meaxosepmicTuA Tpynt; 0—yroa meauy manpessenwamm:
CKOPOCTH ONUAMTPAUUNR K CHAN TEMeCTH; Dy—C| amamerp Guas-
TPALROKNNX NOP KPYANOIPHNCTOTO IPYNTA; i~ ANSMeTp cyddo-
SHOHHMX) YACTHD MEAKOICPAHCTOrO FPYRTA, KOTOPME MOPYT Surs
BHNECeHH  DRALTPALHONNBIM no;o;ml) RPN KONTENTROM Pasuse
- pay .

Kouraktupyiomne mexay coGOf rpyHTH ZOMKHR GuTh RpO-
BEpPEHN HA YCAOBHE BO3MOXHOrO Pa3MbiBa Me/JKO3EPRACTOrO (HaM

CBASHOTO) rPYHTa (QHALTPALHORHHIM NMOTOKOM, HAYLIHM B KPYMHO-

JEPHHCTOM TPYHTE HAM TpPeltuHoBaTOR Ckane ocHOBaHMA (Rex>R.).
Oas sroft uean chadana creayer onpeaennwts KpHTHYeckuf
TPaRHEHT KOHTAKTHOTO PasMuBa Jp., MEAKOSEDHMCTOTO (HAM CBA3-
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HOTO) TpYHTa, BE/HYHHA KOTOPOrO 3aBHCHT, FAaBHHM 06pa3oM,
OT COOTHOMIEHHS KPYmHOCTH (pakuufi 3epHOBHIX COCTABOB KOH-
TaKTHPYIOIHXCA TPYHTOB.

3areM noayuenHoe 3HauyeHHe (seauunHy) J,, CAEAyeTr cpas-
HHUTh C KOHKPETHHIMH THAPOARHAMHUYECKHMH YCAOBHAMH QuALTpA-
IHOHHOTO NOTOKAa B JAAHHOM COODYXEHHH HJAH €ro saeMeHTe
{nanpHMep, B NEPBOM C/0e MEPeXOAHOR 30HH AAPA NAOTHHH, HAH
B OCHOB3HHH COOpYyXeHHA), YTOOH YCTAHOBHTL HaAHYHE HAH OT-
CYTCTBHE Da3MbiBa KOHTAKTHOA 30HH H (QHALTPAUUOHHHX aedop-
MauHA, :

Onpexenenne BeMMuHHb Jpyy AN HECBA3HHX H CBA3HLIX (raH-

HHCTHX) TPYHTOB, B 33BHCHMOCTH OT KDYMHOCTH HX 3€PHOBHX .

COCTaBOB, NPHBOAHTCA HHXKE.

&) Onpegenenne KPHTHIECKHX rpaaueHToB (ckopocred)
KOHTAKTHOTO Pa3MHBA HECBASHHX T'PYHTOB.

Ecan mexay coGofi KOHTAKTHPYOTCA ABAa PasHOPOAHHX He-
CBA3HHX FPYRTa (HAH FPYHT C TPEUUHOBATOR CKaAOR), KPHTH-
YeCcKHH rpaaHeHT pa3MuBa MEJKO3CPHHCTOr0 FPYHTa H pa3-
Mep BHHOCHMHIX €ro 9JacTuii Auamerpou d, >3%® onpereasercs
no skcnepumentansHoRt sasucumoctd I'. X. [paseauoro:

Jou = V;?_l-(z,a +15 %‘;—) %‘.f-sm (305 + '%-) ' 39

npRvyed OTHOWERHE ‘7‘% < 0,7, puc. 13, a; npn oTHOMmeEHHUH %‘:- > 0,7 pasuusa
H BHHOCE Ppakakil MeaKoepHHCTOro rpydra Guith He mower; ¢;, do, W 0—oGo-
3JHaYeHHR gpxe, aro B dopuysax (30) r (32). B Gt

« Cpenunft anamerp QHALTPEUHOHHHX NOP KPYTNHOIEPRHCTOrO
rpyura D, onpezeaserca no 3asHcumoctH (28). ’

Tpu onpesenewnn KPUTHYECKOrO TPafHEHTa PA3MHBA MEAKO-
3epHHCTOro rpyHTa H2 KOHTaKTe C TpPeinkoBatof ckanol (puc. 13, s),
B STOM CaydYae, MOXHO MOJb30OBaTHCA 3aBHCHMOCTBLIO (34); TOALKO
BMecT0 D, B naHHyI0 3aBHCHMOCTb (34) caegyer MOACTSBHTH SHa-
qeiHHe %ggo&gllaxomero pasMepa) UIMPHHE TPEIWMH B cKaae by
H ¢ =0,00— VU,

Popmysna (34) cnpapesnrupa B TOM caywae, ecad wHcio Pefi-
HoAbACa Re, oTHeceHHoe Kk cpexHeMy AHaMerpy (HAbTDAUHON-
HOro X0Aa B XPYMHO3EPHHCTOM rpyHte Dy

Re = k—--—"."’:3 Do <20, (35)

rae ke, — kodbduument GUABTPAUUA KPYNHOIEPHUCTOrO TPYHTA, ONPEREARETCR
N0 3aBHCHMOCTH (32), HAH Rex—KOSQOHIUERT PRAbTPauMH ckaas; D, — onpene-
asercA MO 3asHCHMOCTH (28); v —KOSPPHUIOHEHT KNHEMATHIECKOH! BAIKOCTH BOAH.
——e e ’

* Ilpy BuROCe Meaknx NedameMmaenHux dacrai d,; < 3% BPOSHOCTH TPYR-
73 Ke HIDYIWACTCA; MOSTOMY BEANYHHY KDHTHWECKOTO FPANHEHTA PA3MbIBA :&,

"CAGRyeT ONpeaesnThb NpH BHHOCE MEAKEX Ppaxumil, pasmep xoropux do >

T. €, dc] > ‘3“'
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NMprmeuvanne. Tpu Re > 20 dpopMyroii (34) MOXHO NOILIOBATLCH AHUIL
RAS OPHEHTHDOBOUHBIX PACYETOB HAH Jpgy CAEAYET ONPENeNnTh OMLITHEM nYTeM.
KputHueckaa pa3sMBHBalOmWas CKOPOCTh g, Ha
KOHTAKTE: MEJAKO3EPHHCTHH TPYHT—KPYNHO3EPHHUCTHII TPYHT (HIH
TPEIMHOBATAA CKAJAA) MOMET OuiTh ONPEAENEHA MO 32BHCHMOCTH:

Upss = k@ly.;. (%)
rae kg — 10 e, 4TO H B 3aBHCHMOCTH (35); Jpag —~ NPHHEMAEETCR NO 3I3BHCHMO-
cti (34).

6) OnpeneneHne KPHTHYECKHX FPAAHECHTOB
KOHTAKTHOTO Pa3MBLIBa CBASHBIX (TAHHHCTHIX TPYHTOB)

B Tex cayuasx, kOraa MOryT BCTPeqaTbCsl KOHTAKTH MEXKAY
CBA3HWMH (T/IHHHCTHIM) TPYHTOM H KDPYIHO3EPHHCTHIM MaTepHaJoM
(puc. 13, 6,8) nan ¢ Tpewnnopatofi cCkanoft, CBA3HWA TIpPYHT MO-
XeT NOABEpraThCs PasMHBY.

3HayeHHe KPHTHYECKOrO rpajHeHTa pasMuBa J,p, NPH KOHTAKT-
HOA (MALTPALMH: CBA3HLA (TAMHMCTHA) FPYHT C YHCAOM NA3CTHY-
HOcTH W, > § KpynHo3epHHCTHA FPYHT (HAH TPELLHHOBATas CKana),
MOXeT OHTb OlpeAesqeHO MO IKCNEPHMEHTAAbHOR 3aBHCHMOCTH

I'. X. Ipaseanoro:
' Jup = — o7, @n

V D‘!)nxc

rae D™ — » cu—onperersetcA MO 3aBHCHMOCTH (22) AR KPYMHO3EPHHCTOrO
rpynta, npaveM D' <18 cu (npu D)*™ >18 cu Gyzer nponcxoants or-
CAANBEHME CBASHOrO rPYHTa B NOPax KPYMHOSEPHHCTOrO MATEPRANA M Pa3Mus
xorraxra, npa J>0). ‘

Jlaunasa 3asucumocth (37) MoxeT GHTb MCNOAL3OBaHA AAA OH-
peaeaeHHs J,, Ha KOHTAaKTe: CBA3HHA rpyHT—TpelLUHOBaTas CKa:
aa (puc. 13, 6). ‘B 310M cayuae smecro Dp™™ B sasucumoctb (37)
caeayer NOACTaBAATh MAKCHMAJAbHOE 3HAMEHHE INHPHHH TPEIRHH
B CM.

3.4. O6mue yxaszauns Kk pacuetaM QOHALTPALRONHO-C 03NOURMX
zerpnlullprpymon (?io 33 n % 8, "1")’0

Ha ocHoBanuH BHNOAHEHHHX pacyeroB (3.3, m.2°, 3°, 4°), aaa
HarASANOCTH, PesyabTaThl PACNETOB AAS KAXAOro NPOaHaAH3MPO-
B8HMOrO rpyHTA MOrYT OHTh npeaCTasieHn B Buge 1aba. 3, ua
KOTOpOR BHAHO: ‘

Tabauya 3
Fpynr

:‘: i Jup (Jp) lu:o'ca Tipnuevanne




pasMepu AuameTpoB cyddosuonnux wactuy ot de 10 4,<3%.
KPHTHUYECKHE TPaAHEHTH BWHOCAa (HAW pasmHBa), COOTBETCTBYIO-
4e AaHHOR KPYMHOCTH CY(PPOSHOHHHX YACTHU H NMPOUEHT BHHO-
ca MX.

Taxum 06pasoM npeacTagifeTcss BO3MOXHLIM YCTAHOBHTH mpe--
e/l MECTHHX KPHTHYECKHX rpajHeHTOB Hancpa MexauHye~
ckoft cydpdosun J,, H KOHTAKTHOrO pasMbipd Jy.,, MNPH KOTOPHX.
BHHOC MeJKHX ¢pakunt goaxen 6urty d,< 3%, Tak xak B 3a-
BUCHMOCTH OT 3TOT0 3HAYEHUN AOJMHH OHTL YCTAHOBAEHH AR
JRARHOTO TPYHT2 AOMyCKaembie rpajHeHTH Cy(pPosHH HIM KOHTAKT-
HOro pa3MbiBa (¢ yveroM kosuuuenrta sanaca), T. €. JAONKHE:
OLTL BHNOAHEHH Yycaosua (20) u (21):

1
Jon < Jzon = Zoan Jxpr

rae Jpn — FPARMEHT Hanopa B O6A3CTH PACCMATPUBAEMOr0 S1EMERTA NAOTHHH
HAH B ee OCHOBaHMHM, NpPH KOTOpoM obGecneyuBaeTcd MHALTPAUKOHHAR NPOYHOCTDL
rpynta; Rsan — kosddRruHeHT 33anaca (KOTOpHH yCTanasAuBAeTCA B 33BHCHMOCTH
OT KaTeropHH COOPYIKCHHA NO KANHTANLHOCTH, ONACHOCTH BO3HHKHOBEHHR cyt})—
¢o3nn u np. ycaosu),

JlaHHEIM METOROM MOXHO NOAB3OBATLCA NPH ONPEAENEHHH 10-
NyCKaeMoro KOHTpPOJHpyloliero rpaavedta ‘Hanopa (Jy)sm
B CAyuYae HeO1HOPOAHOrO OCHOBAHMS COOPY:KEHHs, 06Pa30BaHHOrO
TOPH3OHTaAbHHM HaMJACTOBaHHEM OTAeJbHHX TIpYyHTOB (CM. 2.5,
n. 5°).

B peayabTaTe BHINOAHEHHHX PACYETOB MO METOAY, YKa3aHHOMY
B (3.3, n. 2°, 3°, 4°), onpeneaserca Jy,, AAA KAKAOTO CJIOA IPyH-
Ta, C/AAraloliero OCHOBAHHE, H 10 HAHMEHLUIEMY . 3HAYEHUIO Jyop,.
Kak Haun6ojee OonacHOMY B OTHOWeEHHH Cyddosuu (BHYTpeHHER H

Ha KOHTAKTax) ¢ ydeToM Tala. 1, NPHHHMAETCS COOTRETCTBYiOULEE-

snavenne (Jy)zon-

3.5. ONPEAEJIEHHE PA3PYIWAIOIWHX FPAJHEHTOB BbINOPA I'PYHTA
H MEPBHI BOPHEB C MECTHbBIM ®HIALTPAUHOHHLIM BHIMTOPOM

I°. Pactemnue gopuyss O4R peitekun 3a0a%, C6RIAHHHX
c emnopom zpynma. a) B BocxozsuwieM QHALTPaUHOHHOM HOTOKE,
noA AeRCTBHEM B3IBEIINBAIOWHX H (UABTPAUMOHHHX CHJA MOXeT
NpoHCXOANTE (PHALTPAIIHOHHHA BHNOP IpyHTa (OTPWB M nepeme-
meHHe HexkoToporo o6nemMa TIpYHTa), T. €. eCAu B Kako#-1n6o
0o6/acTH BEPTHKANLHHE COCTABARIOUINE THAPOAHHAMHYECKHX CHA
NpeBHCAT KPHTHYECKHE 3HAaYe€HWA 1 He OyAyT YypaBHOBEIUEHBE
CHAAMM, NPENATCTBYOWHMH BHLINOPY, TO B 3TOM CayHae MOXeT
NIPOH3ONATH BHNOP rPyHTA.

CuaaMH, NpensiTCTBYIOUHMH BHITIOPY, ABJAAETCA BeC FPYHTa OC-
HOBAHHA H BeC MPHMIPY3KM (Apeunaxa). .
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Caeposateasio, ocHOBHOR Mepoft 6OpsON C BHNOPOM IpyHTa
ABAAETCA NMPHUrPYSKa ero CJoeM APeHaXHOro Marepuana *.

6) B paGore [3] P. P. UyraesnM B ofuieM BHZE PacCMaTpH-
BACTCH BHOOP FPYRTA BOCXOARMMM (UABTPAUHOHHBIM NOTOKOM
NpH HaAHYHU NPHIPY3KH KO CXe-
.fe, npHBefeHHOR Ha puc. 14, rae
caofl ¢ noasepkeH jgeficTBHIO Ha-
npaBAeHHbIX BBEPX (HALTPALHOH-
HHX CcHA fg. HroGH He AONMYCTATH
BHNOpa TIPyHTA alsz d¢uabTpa-
UMOHHBIMH CHAAMH, AaHHHA TPYHT
ROMKEH OHTh NPHrpyXeH CAoeM
ApeHaXHOro rpyHrta, toamuso# 7.

Prc. 14. Cxema Bminopa rpymra B cooTBeTCTBHH ¢ yKa3aHHHM

T—toamuns coon npurpysuu; ¢—toammma Tpod. P, P. Uyraesnim 6niao npea-

CAOR rPYNTS. TOABSPMENNOrD BUROPY:  MOMEHO AJSl PElIeHHs BONPOCOB

BHAOpa TIPYHTa caexyloulee ypasHenue [3]:

Tap + t1aos = Rsan tf g (38)

TAE 7a3s—O00DbEMHNI BEC BIBCMIEHHOrO-FPYRTA; Tnp — OGBEMHMH BeC MarepHaxa
npurpy3ky (B CYXOM HAH BO B3BEIIEHHOM COCTOSHHM); kaan — KO3ddHUHEHT 3a-
Naca; { — TOAUIMHA CEOS FPYWT3, NOABEPKEHHOTO BHNOPY;: fo — yaeavHas Puxb-
TPaUROHHAR CHAZ, MPHAOKEHHAA K eflHHHUE OOBEMA TMYHT3, BeAHUHHA XOTOpOH
{coraacuo K. Tepuarn) pasna:

fo=1), (39

rae 13 — o6beMHuE Bec Boan; J — nbedoueTpuuecxuli yxaon (rpagMent Hanopa).
O6beMHHRt BeC rPyHT3, BIBEUIEHHOTO B BOAE a3

=]

Toze = Tex — (1 = M)Ye, ~ 40)

TAC Yex — O0beMHME Bec ckenera fcyxoro) rpyHra; n — NMOPHCTOCTL B XOASX
CAHHRIB

H3 npusenentoro ypasHenus (38) mnpeacrasasercs BOSMOX-
HHM ONpeAeanTsH:

3) KPHTHYECKHNA TPajHEHT BHIOpPa TIpyNTa NPH OTCYTCTBHK

AIPHIPY3KH;

6) BHXOAHOA rpaAHEHT HANOpPa NPH HAAHYHH NPHIPY3KH;

B) TOAUHHY CJAOS MPHrPYSKH B 3aBHCHMOCTH OT BEAHYHHH
‘BHXOAHOTO HAMOPA Jyux.

8) BeawuHHa KPHTHYECKOrO TrPajMeHTa BHNOPE Jgp MOXET
‘OHTb MOAYdYEHa H3 1ypasnenml (38) B caywae. OTCYyTCTBMS NpH-
IPY3kH, T, €. NpH T=0 u Ry, =1.

Mpu sazaunbix ycaoshax BMecto (38) GyAeM HMETH Yass = fo
HAH Vo= To/up. [TOACTABARR 3HAUCHURA fy U Tom H3 (39) u (40)
M fex = A (1—n), ROCAC HECAOKHLIX TPEOOPa3LBaAHMA, NOAYIHM
-bopMyay AAs onpeaencHHA BEAHUHHH KPUTHUECKOr0 TrpaiHeHTa

* MOryT MMeT» MECTO H KOWCTPYKTHBHME MEPONPHATHA, KAK HATIpAMED:
PAIrPYIOTHMA ApeHax, ymosOXeHNE OTKOC3, B CAyuie pHXOAs xpnsol xenpec-
<NR Ha ero mOPEPXHOCTb (CM. HINXE).
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BHNOPa Jyp B CAOE IPyHTa, MOABEPXKEHHOrO BHIOPY, MPH OTCYT~
CTBHH NPUrPY3KH B MECTE€ BHXOAZ (QHALTPAUHOHHOIO NOTOKA: :

A
M =y -—— l— N
T (1_ 1)( n) a1y
rae A — yaesbHuii Bec 4acTHIU rpyz-ra; Ys — 00veMunf  Bec BOAW; 71— MOpPH-
CTOCTb TPYHTa B JOASX €AWHBI.

\ Hannont dopmyae (41) coorsercrylor ¢opmyaa K. Tepuarw,.
a Takxke E. A. 3amapuHa* .I,,==(.‘———l) (1—n)40,5n, v0 Gea
»

. NOCACAHEXO UJAeHa.

[Mpu onpeaenenun-Jyp AN MEAKO3EPHHCTHX TNECHYaHHX rpyH--
TOB, MMeIOWHX CPeAHuRt pasMep 4YacTHU dy = 0,07 — 0,20 sn,
B dopmyay (41), Kak nokazaAn SKCHEPHMEHTH, CAEAYET BBeCTH.
y nonpasounbit Ko3pPHLUHEHT a:

S = (7{‘:—— l)(l —n)a, “ry.
rae « = 0,90 — 0,95.
r) Jlaa onpeaenesus BeJHIHHB BHIXOAHOTO IPAjHEHTA Hamopa.
Jouxs NPH HaAHUHH TNPUTPY3KH TOMWMHHOA caos 7, pacaersas 3a-
BHCHMOCTb MOXET GHTL MOAyyeHa H3 ypaBHeHus (38).

Ipunumas Ry,,=1, a Takxke YYHTHBasfg, YTO 77"'- = Jyp M pewas
ypasHeune (38) oTHOCHTEABHO Jyux, NOAYHHM: )

Jpux = -—tT-l- '1;—: + -':p- . (42).
rae 6yKBennnie 0603HaveHrs Te Xe, 4TO B ypasnenuun (38).

W3 npusenennof 3asucumocth (42) caeayer, uTO HEOGXOMH-
MOCTb B MPHTPY3Ke I'PYHTa OCHOBAHHA B MecTe BHXOAa (PuanTpa-
UHOHHOTO MOTOKAa TpeGyeTcs B TOM cayuae, Koraa Juu > Jop, rae-
Jip — KPUTHUECKHA TrPasHEHT BHIOPA AAS AAHHOrO IPYHTAa OCHO-
BaHHS(IAl ’s;ﬂaqeune KOTOpPOro onpeaeasieTcs Mo 3aBUCHMOCTH (41) ;
HAH . :

A) Tonuwuna caon npurpyskk T, ¢ yvetoM kosddHumenrta 3a-
naca R, MOXeT OuWTb onpeieseHa H3 3aBHCHMocTH (42):

T
T =t Unas — fep) 3, ksaw (43)
rae KospdHUMENT 3aMaca PEKOMEHAYETCA MPHHHMATb Ryp = 1,2—1,5.

3aprcumocTH (38)—(43) MoryT GHTbL HCNOAL3OBEHH A1 pele-
HUfl 33734, CBA3AHHMX

a) ¢ onpexeneHHeM AJHHH NOA3EMHOTO KOHTYpa NJAOTHH;

* 3amapny E. A, JIBuxeHHe FPyHTOBHX BOA MNOA FMAPOTEXHHYECKHMH COOPY--
xeuuamn, wan. BHUXH, 1931, 112 c. ¢ saa,
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6) c onpeaeneHHeM KPHTHUYECKHX TIPaZHEHTOB BHOOPA Aad
TPYHTOB OCHOBAHHA H TE€Aa NAOTHHH;

B)  C ONPEAENEHHEM TOMIMHHH NPHrPy3kKH (mpH J,,,>J:,,)
Jas o6aacTH rpynTa, MOABEPKEHHOro BLINOPY K HP.

Huxe npeanaraioTc METOAHW pelIeHHA 9THX 33444, NPHMEHH-
TEJAbHO K THAPOTEXHHYECKUM COOPYKEHHAM. .

2°, Mepo 6opsbu ¢ MecmMum PULLMPAYUOHHHM BBROPOM

a) Bunop rpyHTa npH srixoae ¢pMALTPAUHOHHOTO NOTOKA B HHXKHHI Obed

(puc. 1

5 u 16)

BHHOP IPpyHTa MOXeT [MOABHTLCA 33 npelenaMud HOA3IEMHOro

KOHTYPa COODYKEHHH,

Joyix

J:flx)

Phc. 15. K onpeneaennio Toamnuns
nparpysku T
1—suizoanok gpannn TIORIEMNOTO K

COOPYIKENHS; npurpysxa; A I|+M-.|pne
BENPASRAX HANIOPOB, ,y° —PICEETHAN BepTH-
K34b ASN NOCTPOCHNS SUIOPH TPAINEHTOS
J,-l(y); Joug= 7 (x)—vnmps BuzomMX
T PAXNERTOD; J:,—kpumecnl rpaznent
BMNOPA A8 TPYNTE OCHOBAMHE (PN OTCYT-
CTUNH UPNTPYy3KN); lnp—ullll nPNTpYSKN,

NpH sHXOAe GHABTPALHOHHOTO MOTOKa

B HHXHHA Obed, rae AONXKEH
pacnonarathCa APeHax, BHINOJA-
HAIOWHA ORHOBPEMEHHO H DOJb
MPHTrPY3KH TPYHTa OCHOBaHHs
(puc. 15).

IpoBepky rpyHTa Ha BHINOp
B 00/aCTH HHXHero Gbeda cae-
AyeT BLNOJHATb NPH yCAOBHH,
€CAH MaKCHMAaJAbLHBIA BHIXOAHOR
TPafHEHT HANOPA B HHIKHEM Obe-~
de J,. > 0,60 —0,70 [2].

[pu MakcuManbHOM 3Haue-
HHH BBIXOAHOTO TpajiHeLTa Ha-
nopa 8 HuxueM Gbede:

JIIKC > .J.

8bIX «<p’

49

rae Jp, — kpuTHuecKult rpanMenT Bu-
nopa AAR JAHHOFO TPYHTA OCHOBaHHA,
BEAMSHHA KOTOPOTO OmMpejxeanerca no
3agucumocty (41) nau (41'), caeayer
NPERYCMATPHBATL  COOTBETCTBYOUIKE
MEDONPHATHA MO  NPEAOTRPAUIEHKO
STOrO HEWCAITEALHOTO RKBACHHA.

Tpn uccaexopanun uabTpaunn (uanpumep metofom 3SIJA)
B T€Je K OCHOBAHWH 3E€MJSTHOA HAH GEeTOHHOR NJAOTHHH CTPOUTCH
sn?spa BLIXOAHHX TPafHEHTOB HaNopa, Kak MOka3aHo Ha puc. 15
u 16. :

B uenfX BHABACHHS MAKCHMAAbHHX 3HAYEHHN BHXOAMWX Tpa-
JHEHTOB HANopa, SMIOPh BHXOAWWX TPAAHEHTOB CACAYET CTPOHTH

ANl 06AacTH TPYHTA OCHOBaHHSl, NPHACTAIOMEN BO3MOXKHO GaHMe

K JHHHH TIOBEPXHOCTH AHA HHXHero Gneda.

_ Omopu BHXOAHWX FPAAHEHTOB A310T BO3MOXHOCTb OLEHHTH
HPOYHOCTL H YCTORAYHBOCTL OCHOBAHHA COOPYKEHHA.
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1. Onpeaeiene TOMUAHN H KAHHB NPHIPY3KH

Ha puc. 15 npuseaen BHXOAHOR (parMeHT NOA3EMHOro XOH-
Typa COOPYXKEHHS C AHHHAMH PaBHLX HaNOpPOB H 3MIOPOA BHXOA-
HHX TpafneHToB Jyy = f(xX). .

Ha puc.. 16 npueeaehn: Jtuz,

4) HH3OBOR KAHH 3CMAAHOR NAC-
THHB C APeHaXHON NPH3MOA, AH-
HUSIMH PaBHHX HanopoB H 3mio-
poA BHXOAHHX TPaLHEHTOB;
6) HH30BOf KJAHH 3eMASIHOA NAO-
THHB ¢ HaCAOHHHM JAPEH2XKOM
H oTBoAfAlueR KauaBoOR.

Jias  peweuns Bonpoca o

TOJIHHE NMPHrpy3xk# B 06JaacTH
\ BHXOAa (HALTPAUHOHHOrO MNO-
TOoKa B ukHuA Gbed, rae Bo3-
MOXEH BHMOp rpyHTa (npA
3 Jax > Jup), HEOGXOAMMO HMETh
3 THAPOAHHAMHYECKYIO CeTKYy
E <uaAbLTPaUKH, NPH BHXOAE QHADb-
TPaUHQHHOTO NMOTOKAa B HHIKHHA
6ned, H NPy BHIXOAHHX rpa-
AHEHTOB Juu =f(X), KaKk noxa-
3aHO Ha pHC. 15.
Ha suxogHom dparmente
NMOA3EMHOr0 KOHTYpa COOpyXke- <.
HHS, uepe3 ero KOHewHYIo Touky Puc.16. K onpenesenmo runopa rpyuta
MPOBOAUTCH PpPACYETHAA BEPTH-  C_HAOBOA KANH 3eMARHOR NAGTHNW C ipena-
, Kot aye (pHe. 15). Ha STOR  fopeuhiauo < nocssues v puntur v
: PACYETHOA BEPTHKAAM CTPOMTCH © "CIOWWMM ApentAoM n OThossmed xpewan-
3MOpa pacnpejeneHus rpagueH-
TOB B TOYKAX mMepeCeYeHHst DPACHETHOR BEPTHKAAK ,Y* C AHMHA-
MH paBHuix Hanopos (1,2, 3...).

"Ha pnc, 17 npeacrasaena smopa J, = f(y), noayuensas wa
pacueTHolt BepTHKalM ,y“, riAe MO BEPTHKAABHOH OCcH ,V* OTAO-
KEeHbl PaCCTOAHHA OT MOBEPXHOCTH HHXHero Gbeda (OT ToukH A)
Y1, Y2 H ¥;, COOTBETCTBYIOWMHE 3arayGneHusiM Tovek 1, 2 u 3'
(puc. 15), a no ocn J, cooTseTcTByOIMe 9THM ToukaMm 1, 2 u -3
rpajsentsl Hamops Jy,, Jy, H Jy,, NOAyYeHHNe KaK COOTHOLIEHHSH

B pesyas:ale noayqaéu Ha pacyeTHOR BeprHkaas ,y* snopy

pacnpeaesieHHs rpaAHenToB Hanopa J, = f(y). -

3arem no 3asucHmocTH (41) wau (41’) onpeseanercs seauuuua ;

: KPHTHYECKOTO TPaAMEHTa BWNOPa Jr, AAA ABHHOTO KOHKPETHOTO 1
L TPYHTa OCHOBaHH.

14
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Mo noayuennoMy 3nauennio Jg, W SNOPE rPaAHEHTOB J,=1(y),
puc. 17, onpeaeasercs TOAMHA CAOR ¢, COOTBETCTBYIOWlafd KpH-

THUECKOA rayGUHE SOMH BWINOPA Yrp, FA€ FPAAMENT HANOPA pa-

pen iy, :

3uan seanuuny f¢, no dopmyae (43) onpeseasercs TOAWMHA
CAOR TMPHIPY3KH
T
T=1t (Upa— %) ;‘;'; Ry
FAE Ynp — OOBEMHUA BEC NPHTPY3KH MONMET GHTL B CYXOM HAH BO_B3BEMEHHOM
COCTOSHHH (B HEXOTOPHX CAY4aNX GETOHHWE MANTH); Ryaq = 1,2 — 1,5,

Hauua npurpysxu by (puc. 15) Mmpxer 6HTh onpeaeseHa
No SNIOpe BHXOAHHX IPagdeHTOB Hanopa Jy, = f(x).

"
s 10/ 15 203,

LEL L) LI ifr. T —l
]

0 V.
1y,

—L-4 - —
2 | P20
2
4

- oo

- 2, *f (y)

-

Puc. 17. Juwpa J,=f(y) ra pacuernol mepmrazn
»y* (A% onpeaesenuf TOAMMHW caON £, COOTBET-
CYBYOUIEro ray0nne SoHN BHMNOPA)

:.-2, J-.-.wnn nepeceuenni pacvern pepIRRANR .r{"e Anwn-
Sarayonennn Tovex 1, 373 of Boscpisecs wmmers Begs.

3uan peauuMHy Jyp, 3HAYCHUE KOTOPOrO, KAK YKE3WBAAOCH
BHILE, Onpeaeaserca no sapucHMocTH (41) nau (41°) aax zam-
HOrO TPYHT3 OCHOBAHHA, Ha smope J,,, =f(x) orTkaaauBaercH
€ro sHaYeHMe H ONpeAeAseTc B Macmtabe X,, MO OCH ,x".
Ianua npurpyskH OT BOAOHENPOHHUAEMOA 4ACTH BHXOAHOrO
Xgﬂruenm COOPYXEHMA B HaNPABACHHH OCH ,X" C y4eTOM KOad-
nHeHTa 3anaca (fy,) Oyaer:

I.,=k,...x.,.< (‘S)
Cﬂeﬂye'l‘ OTMETHTb, YTO B 38BHCHMOCTH OT COCTaBa rpyHTa oc-
HOBAHNA, rpallynoue'rpu'lecxnﬂ cCOCTaB npHrpysksn




B 30HE KOHTAKTA C TPYHTOM OCHOBaHHA AO0MXKed OHTL NOA0Gpau
no npustunny o6pardoro ¢uasrpa (puac. 15):

a) las sawnwaeMoro cBA3HOro (FJHHHCTOrO) rpyHTa OCHOBa-
HHA ¢ uncaoM naacTHuHocTH W, > 3 —5, rpanyaomerprueckuft
€OCTaB MaTepHaia NpHTPy3kH (B 30HE KOHTaKTa) AO/NKEH yaOBAe-
TBOpaTH caeayouewmy ycaosfio:

2/ 03 0,82
D < Dp = ]/_0'%3:.: = Vjﬁ. cM, (46)

ri1e DJ* — MaKCHMAAbHBIH AMAMETD Mop MPUrPY3KH, OMpPeXeiReTCR (10 3aBH-
cHMOCTH (22); Joux — IPaRHEHT BHNOPA, NPH BuIXoAS GHABTPAUHOHHOTO MNOTOKA
B HHxkuhit 6bed (puc. 17).

6) Oaa samuuwiaeMoro HECBA3HOro (CHyuero) rpyHTa OCHO-
BAHHS TPAHYJIOMETPHUECKHA COCTaB MaTePHa/la NpHrpy3kh (B 3oHe
KOHTaKTa) AOJKEH YAOBJIETBOPATH YCJIOBHI0O HENMpPOCHNaeMo-
cTh [6).

2. Pasrpysounniit apeHax

B 3.2 n. 3 orMevyanoCh, YTO B MPaKTHKe T'HAPQTEXHHYECKUrO
CTPOHTEALCTBA MOXKET MMETb MECTO TaKOW BapHaHT, KOTAa nJo-
THHA PACIIONAraeTcs Ha OTHOCHTEAbHO TOHKOM CJAOe TIJHHHCTOro
HJAH MaJ0BOAONPOHNHLAEMOro TPyHTa, a NMOX HHM 3ajeraer caof
TPpyHTa € OTHOCHTEALHO GOAbluell BOROMPOHHLAEMOCTbIO, pHC. 12,a:
caoh I'— ranuucthi, caoit Il — necuanni. B stom cayuae, nox
AedcteHeM (UALTPAUHOHHOIO MOTOKA MOMXET NPOH3OATH MECTHHMA
¢uabTpaunOHHEI BHOOP HA NO-
BePXHOCTH AHA HHXKHEro Oneda
OTHOCHTENBLHO TOHKOTO MaJOBO-
JAOMPORHUAEMOTO CJ0R FPyHTa—
I, puc. 12,a n 18.

Cannucteifi caot rpynra (2)
B HHxHeM Ovede (puc. 18) Gyaer
NoABepKEH BHNOPY C AOCTATOY-
HO GOJblUUM 3HAYEHHEM Ipaju-

€HTa Hanopa. Puc. 18. K swnopy rpynta B Hrknuif
G6bed

HeficteuresbHO, ecId mpe-
HeOpeys NoTepAMH Hamopa B fec-
yanom caoe Il na mupuHe no-
AOWBH NMACTHHH (puc. 12, a). To
AeficTBYI0MHA HAIOp HA COOPY-
KeHHe pacnpeleaurcs Ha Caofl

1 -7230 [IOTHHY, 2—TOHKHA CAOR rassn, 7T03-
amuoh 'c.'I; J—pasrpysounnift apewax; 4—cok

npurpyaky, toxmmmon T, DNEXC_maxcumase-

HRA pa3Mep GUILTPALIOHHEX NOP MATEDHAIR
BpHrPysKH,

TAMHUCTOrO FPYHTA: HA BXOA—B BepxHeM 6bede H BHXO01—B HHK-
Huit Ghed. TIpHuem, Ha KaXI0M M3 3THX YYacTKoB GyZReT TepATh-
CA Beal'iHA Hanopa, pasuas npumepro 0,5Z.
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CaenorateabHO, TAKRHUCTHA caoft rpyuta Toawuuol £, B HUX-
HeM Gbehe Gya€T MMETH rpafeHT BHIIOpPA

0,52*

tc-‘l

Joun = , 7
rie Z — Hanop Ha COOpykeHue.

B raunoM cayuae, Aas NpeAOTBpalli€HHA HEAONYCTHMOro sipae-
HHfl BHNOpa, HEO6X0AHMO B 06JacTH HHMXHero Obeda ycTpOHUTb
BEepTHKaAbHHA Pa3STPY3OUYHHA gpeHax, Kak NOXa3aHo Ha
puc. 18*s,

[Tpn naaHuuy Takoro apeHaxa B HHxHeM Obede npaxkTuvecku
CHHMEIOTCH BMXOAHHE TPajHEeHTH Hamopa, TeM CaMblM HCKJA0Yaer-
Cf ONacHOCTL BHIMOpa I'pPyHTa.

NMpusevanue, [lHaMeTp H KOHCTPYKUHS Pa3rpy3oyHbix CKBamHn BepTH-

KaAbHOTO RpeHaka, HX pasMeledHe (1ar) onpeleAfioTCA no Pe3yabTaTaM GHAL-
TPAaUHOHNNX HCCREZOBAHHIA, C Y4ETOM THAPOreONOrHYecKHx M IPYrHX YCAOBHiL.

6) Bunop rpyHTa npH BWXORE (HALTPAUNOHHOrO NOTOKA HA OTKOC

B cayyae OTCYTCTBHN APCHAXKA Ha HH30BOM KJAHHE MAOTHHH,
HAK B Ciyuae, KOTJAA JpeHax HH30BOrO KAHHA MJAOTHHB 33KOJb-
MaTHPOBancA (MAH 3aCOPHJACA TNpH CTEKAHMH BOAM NO OTKOCY),
KPHBAA AenpeccHH MOXeT BLIKJIMHMBATLCA HA NMOBEPXHOCTh HH30-
BOTO OTKOCA nJOTHHH, puc. 19. Mpu sTom B 30me ,B* mox aedcr-
BHEM (HALTPALHOHHHIX CHA MOXET MPOH3OATH MECTHHA QPuUABTPa-

' D;c«c

Puc. 19. Bunop rpyHTa npH BhXORe KPHBOH fenpecCHH Ha OTKOC

a--TouKa KpHBOR Ji na OTKOC; ,B°~30HA MecTHOTO QUALTPRAUHONHOTO
SMNOPL; a— Yron HAKAGHA HEIGBOTG OTKOCE K FODHIQHTY; M, = Ctg 5 —~XOIPOUUNERT N~

308010 0TKOCS; D{.""‘—unxcuuusnun Pa3Mep (HASTPAUMOMAMX mMOP MATepHaNa npH-
FPY3KN,

UHORHHA BWNOP TPYHTa, B peayabTateé KoTOoporo 6yaer Hapylue-
HE NPOYHOCTh K YCTORUMBOCTE HM3OBOTO OTKOCA.

Ipynt B o6aactu ,B* cieayetT CHHTaTh YCTOAUHBHIM, €CaH
YAOBNETBOPAETCA CAeayioulee HepapeHCTBO [3]:

* Joun NPUHMMAETCH N0 Pe3yabTaTaM (HALTPAUHOMNMX HCCAeaosanwh (pac-
YeTOB), & AAf OPHENTHPOBOYHO-MPROAMKERHLIX pacietos no dopuyae (47).

** YCeTpo#CTSO MPHIPY3XKH B AAHHOM CRY4ae, MNpPH HAAHYNM 3HAYNTEAbHUWX
NO BeAHYHHE BHXORHBIX TPAAHEHTOB HANOPE, ABAREICH HeuerecooGpasnuM, Tax
K2K ee TOAMHHA MOXKET NOCTHraTh HECKOALKHX METPOB.
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2
my > _tg—qa" (48}

rA€e @ — yrox BHYTPEHHEro TpPeHun rpyHra.

Ecau HepaBeHCTBO (48) HE YyAROBAETBOPACTCA, TO B ITOM CAY-
qgae Aas obecmevenHs yCTOAYMBOCTH OTKoca (rpyHTa B OGJaCTH
B¢, puc. 19) seo6xoaumo:

1) uaAu YBEAHUYHTH MOJAOFOCTH HH30BOrO OTKOCZ, T.€. YMEHb-
WHTh @ — YroJ H8KAOHA HH30BOTO OTKOCZ K FOPHZOHTY;

2) HAM DOXPHTb NOBEPXHOCTH OTKOCA CJAOEM BOJAOTPOHHUAE-
MOft nmpurpyakH (puc. 19).

Ipu sTom rpanyaomeTpuyeckuft cocras npurpysku (Dp, Han
Dﬂ'“g AOAKEH GHTb TaKWM, YTOGH YAOBJETBOPAAOCH CJAEAYIO-
ulee ycaoBHe:

1
Jo < T Jpas 49)

rae Jp = sin a — MaKkcUMaAbHLi pacyernuiii rpaaHent namopa (puc. 18); Ryn =
= 1,15 — 1,20 — xosdppuument 3anaca; Jpa; — KPHTHYECKHIT TPAAHEHT Pa3MBBR
MEAKO3EPHACTOTO WAH CBA3HOTO TPYHTa HA KOHTAKTE C KPYNHO3EPHHCTHIM MaTe-
PHaAOM, ONpeAeAferca: a) AN HECBA3NHLIX r‘?g'mon no gopuyae (34); 6) a1n
CBA3HBIX PYHTOB Nno 3aBucumocth (37), cm. 3.3, n. 4°.

Ycaoene (49) JA0MXKHO YAOBAETBOPATHCA H NPH HA3HAUEHHH
rPaHyJIOMETPHYECKOTO COCTaBa MepPBOro ¢/a0si ¢UAbLTPE AT Ha-
CJIOHHOTO JipeHaxka HH30BOrO0 OTKOCA MAOTHHAI.

3.6. HOPMAJbHAS (MECTHAS) #HAbTPALHOHHAS NPOYHOCTL
FPYHTA B OBJIACTH TPYBYATOI'O APEHAXA

Tpy6GuaThii ApeHax yCTpPanpaercs, rAaBHHM O06pa3oM, Ha noil-

| MEHHHX Yy4YacTKaX NJAOTHHM, KOTAd 33 APEHaXeM OTCYTCTByeT

BojAa HHXHero 6beda. B 3aBHCHMOCTH OT MeCTONOMOXeHHs TPyG-

YaTOro ApPeHa}ma MO OTHOLWIEHHIO K OCH NMAOTHHL, & TakkKe ero

‘ CNOCOGHOCTH ,OTTATHBATE HA Ce0s KPHBYIO AENpeccHH, B 06AaCTH

, , JApeHaXa MOTyT GbThb COCPeAOTOMEHH 3HAYHTEAbHHE M0 BEAUUYHHE
BXOAHbIE FPAJlHEHTH Hanopa,

Ecay rpyHT OCHOBaHMA HAH Teaa NAOTHHH sABagerca cyddo-
3HOHHBIM, TO 6JaroAaps 3HAYHTEALHNM IO BEJHYHHE BXOAHHM
rpajnentaM Hanopa, s OGAaCTH APEHAXKA MOTYT BOSHHKHYTh Cy(-
do3HOoHHbE ABACHHA, B PE3yJbTATE KOTOPHX MOXeT GHTh BBIHOC
H3 TOAULH I'PYHTA OCHOBaZHHR H T€JA2 NJOTHHH CYPPO3HOHHHX
¢pakuufl B APEHAKHYIO NPH3MY, YTO MOXKET BLI3BATb HEJONYCTH-
Mbie MPOCaAKH M KOABMATAX IAPeHaxa. :

Ilpu He TwaTeAbHO noaO6paHHOM HALTPE B 06/aCTH ApeHAX-
HOft MPH3MH NPOH3OAAET KOJAbMATak TPYHTA, YTO MOXET BW3BaTh
HapyuienHe paGoOTH ApeHaxa—noabeM KPHBOH JenpeccHH H BH-
cauHBaHfe QPHABTPALHOHHOTO NMOTOKA HA OTKOC.

B uensx npenoTBpalleHHs YKa3aHRHX Bbille HEXENaTeAbHHX .
- fIBAEHNA, KPoME NpaBHABHO NoAoGpanHoro coctara QuanTpos (6],
3 AONKHB GHITH H NMPAaBHABHO HAMEYEHH COOTBETCTBYIOLULHE pa3Me=-
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PH APeHAKHOR NPH3MBl, OT PasMipPa KOTOPOH 1BHCHT BelHUHHA
BXOAHLX IP3AHEHTOB HAaMoOpa B APeHax, HOPMA.1bHadA pabora ape-
HaXKa H HCKJAIOHATCH YKA33HHLIe Bbiyie HeXeaaTedvHue aepop-
MalHH.

Beauuuna BXOAHOro rpajHeHTa Hamopa B APEHAXHYIO NPHIMY
3aBHCHT OT (PHALTPAUHOHHOrO PacxoAa, MOCTYNRIOWEro B JpPeHax,
ko3bpHuuenTa QUALTPAUKH TPYHTE OCHOBAHHA MJAH T€Aa MJAOTHHH
4 OT NAOWAAK XKHBOrO CedeHHS (PHALTPAUHOHHOTO MNOTOKA, NPH
BXOAe ero B APEHAXHYIO NpH3MY (puc. 20).

Puc. 20. Tpy6uaTniii apeHax

1~k P a Goabiuian ray6una npovep i 2—apensn-
wan npuava; [ +lg+ Iyt ly+ h=L—cMOuCHHLIN MEDNMET] TPEHAANOA BRI
k¢~xoswnnnent uALTPaitY TPYHTS OCHOBAKMHS.

TMoaaras, uTo B 06aacTH APexaxa GuIbTPaUHT NPOHCXOANT
TPH OLHOMEPHOM TeYelHH, TOrAa 3Ta 3aBUCHMOCTb MOXKeT GuThb
Bupa:kena mo 3akoHy [lapcu:

Q

Jax = Epe (50)

ric Q — ¢uavTpauHoHnuit pacxoa, M3cen; ke — Ko3ppuuNeHT GUAbTPAUNR

FPYHTA OCHOBAHHR MAH Teaa NAOTHHH, M 0K, o -— NAONIAAL XKHBOrO CEYEHHA
$HUALTPAUHONHOrO MOTOKA, BXOXRUIErO B JPeHaK M OTHECeHHaR K | noz. M ape-
wawa; o =1L =1(+l -l +1), rael=1{+1,+ 1+l + 1, — cno-
wennuit nepumerp apenaxiolt npmaMst (puc. 20), or pamepa KOTOpOro, raas-
wbiu O6DIIOM, 3aBHCHT BEAHUKHA BXORHOrO FPaIuenta Hanopa Jog.

Uro6nl He NMPOHCXOAHAO YKA3aHHHX Buiwe aedopmaunét rpyH-
T2 B OGAACTH ApPeHaka, pasMephl APeHaANHON NPHIMBI AOAKHEE
ObiTh TaKHMH, YTOGH BXOAHOR rpasHenT Hamopa J,; Gbia Oul MeHb-
ule HAH PaBeH AONYCTHMOMY, T. €. NOMKHO YAOBAETBOPATLCH OC-
HosHoe ycaoswe (20): |

Jox < Jgon = i‘;’w
rae Ryn = 1,10 — 1,20 — xoaddunwent 3anaca; Jy, — KpHTHSECKHA  rpaaHent
:anopld.ua AINHOTO FPYHTA OCHOBIHMA, onpexeanetcs no dopuyae (29), npnven
i < L3 -
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NMpusevwanns 1 Tipn necyPPosnonumX rPYHTAX Tead M OCHOBAHMN NAO~
THNG, BEIHYHHE BXOAHOTO TPAAHEHTA HANOPA B IPEHANHYI0 RNPHIMY ACAKHE
Onte Jox < 0,70 — 0.75.

2. Mpuseaennule BHE PEKOMEHAIUMH MOTYT OuiTb WCMOALIOBAHLE AAR pac-
METa IPEHAKHHIX KAHAB, APEHAKHLIX MPHIM K AP.

3.7. RESOPMALMS BEPXOBMX ©(KOCOB OT BOSAEACTBHA BOAH

HanGonee pacnpocTpaHeHNHMH THNAMH NOKPHITHA OTKOCOB.
OT BOJNOBOFO BO3AGACTBHA B HACTOALIEE BPEMA ABAAIOTCA NOKPH-
THR, 06Pa30BaHHKe MOHOAHTHNMH APMHPOBAHHLIMH NJAHTAMH 6OAL-
woro pa3mepa B naade (10X10 wuan 20X20 &) HAH NOKPLITHS
H3 COOPHBIX ILTHT (COEIHHEHHBIX MEXAY COGOR wWapHHPHO), pas-
mepam# B naake ot 1,5X1.5
A0 5,0%5,0.4, yI10OXKEHHBIMH Ha
cnaowHoR ¢GuabTpOBOR MOATO-
TOBK¢E.

Kpoxe Ttoro, mupoko pac-
npocTpaHeHH MOKPHITHA W3 Ka-
MenHoi Habpocki. Kaueunas
HA6poCcKa Takike pacnoaaraercs

Ha C10€e CHIOWHOA QUALTPOBOR = aflP7 o I\
noarotosku (puc. 21). P ::Q%
Ipn nakate u cnage BOJARW 1 \§\\

Ha OTKOC B cjaoe (uabTposoR
NOATOTOBKH BO3HHKAeT NyAbCH-

Puc. 21. K sonpocy aedopuaunn sep-

pywouan duabLTpauud, ot defict-
BHA KOTOPOR MOXeT GHTb Ha-
pylieHa NpoyHOCTb IPyHTa OT-
KOC2 MJAOTHHH, BEPXOBOr0o MO-
KPHITHAI H, KAK CJEACTBHE, yc-
TORYHBOCTL CAMOro OTKOCA.

XOBbLIX OTKOCOB OT BO3AEHCTBHR BO.IH
1—7Tea0 naOTHNM; 2—pePI0OSOE NOKPHTHE OTXOCA
(Kauennoe nAN xeae300eTOMMMMN RINTAMN); J—
C30R GNALTPOROA NOITOTOPKN; §—NOKRY BOINM;
S,—yroa p. ° Kt
Tv; J:-hnl‘-pwnma TPSINENT NANOPS UPn
RYALCHPYIOUIEN PeXNME DNILTPERNN.

4

Bo u3bexanve HexeaaTeNbHBIX NOCACACTBHA, S3aMpPOEKTIPO-
BAHHAA WM NOAOGDAHHAR M3 KAPLEPHHX HAM HCKYCCTBEHHO noay-
YaeNMHX FPYHTOB QHALTPOB3A MNOArOTOBKA A0MKHA OWTL npose-
PEHA HA KOHTAKTHHA PasMHIB BEPXOBOTO OTKOCA MNJAQTHHH, NpH
YCI0BHH NYALCHPYIOILETO peXkMMa NPOAOALHOA  dHALTpauun
(OT HakaTa M cnala BOAHH) B C10e QUALTPOBOA NMOATOTOBKH.

®uabTpoBas NOATOTOBKA GyAeT HaAeKHO 33WMHIATL OT KOH-
TaKTHOrO PasMbiBa OTKOC MJIOTHHH, NPH NyALCHPYIOUIEM peXHMe
Npoa0AbHOR (HALTPaUMH B TOM Cayuyae, €caH GyaeT V.AOBAETBO-
PATLCA Caeayiolee ycaoBHe:

rae J} < 0,75/, (5D

rae J? — pactetHull rpaiuent Hamopa npn NyIbCHpyoOWeEM pexkuve GuabTpa-
umn:

Si= ndx, (52)
rae k, — kosGGiuHeRT. YUNTHBAWMA nyabcHPYIOMRHA  penHM npoaoasuolt
OHILTPAUHN (NO OTHOIEHMIO K PA3MBMBAOUIENY TPIAHEHTY Hanopa. Npu pasHo-
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MEePHOil YCTaHOBHBIIEHCH NnPoAoAbHOH uabTpauun): k,=1,13--1,50 (aas pacue-
TOB PeKOMeLAYETCH cpeaHee 3naweHye k,=1,35); J, — rpaaseny n caoe ¢uab-
TPOBOH# MOATOTOBKH H3 KOHTAKTE C IPYHTOM TeNa NAOTHHbLL:
Jy = sind, (53)

‘vae By — yroa HaKAOHa BepXOBOro OTKOCa K ropusouty (puc. 21).

3uauenne Jy, onpeneaserca:

a) AJA HECBA3HOro I'pPyHTa TeAa INJOTHHH N0 3aBHCHMOCTH (34);

6) Ans CBA3HOTO IPYHTAa Tefa NJAOTHH IO 3aBHCHMOCTH (37).

Ecaun ycaosue (51) He yAOBAETBOPAETCA, TOTJA CJACAYeT uU3Mme-
HHTh T'paHyAOMeTpHYeckHfi cocraB GHALTPOBOH NMOArOTOBKH (B CTO-
"POHY YMEHbLIEHUS ero KpPymHOCTH).

Mpumeuanne PuabTpaunonuo-cyddosnounas npounocTs camoit ¢uanp-
“TPOBO# NOATOTOBKH MOXeT GuiTh NMpPOBepeHa NO METOAY, YKa3aHHOMY B 3.3, m. 3°

3.8. PHIALTPALUHOHHASI TPOYHOCTH NPOTHBO®HILTPALKUOHHBIX
YCTPOHUCTB: NNOHYPA, 3KPAHA, AIPA NJAOTHHbI

[TporusoduaLTpaHOHHHE YCTPOACTBA B TeAe MAOTHHM YCTpau-
-BAIOTCH C HEJbIO:

a) yMEHBbIIKTh (PHABTPAUHOHHLIA PACXOA BOAW, NOCTYnawoulel
B HHXHKA Gbed;

6) CHH3HTL KPUBYIO ACMPEecCHH B HH3OBOR YaCTH MAOTHHHW AAs
yBeJHYEeHHd YCTORUHBOCTH HH30BOrO OTKOCA NJOTHHM;

B) YMEHbUIHTb NMbE3OMETPHUECKHE YKAOHB (PHUABTPALHOHHOTO
1I0TOKA B TeéJe NAOTHHH AAA NOBHIIEHHA ee o6uiefl (kasyaan-
HON) H MeCTHOMR (HopMaabHO#t) PHALTPALUHOHHOR NPOY-
HOCTH.

OCOGEHHO B TeX CAyYasX, KOrAa IPYHT, M3 KOTOPOr0 OTCH-
‘IAeTca NAOTHHA, aBaseTcs cydpdosnonHHM. B aTOM cayyae co3aa-
‘HHe NPOTHBOPHJLTPALHOHHHX YCTPORCTB fiBAAeTCA 06s3aTeNb-
HHIM. .

Onnako NPOTHBOGHALTPALHOHHKE YCTPOACTBA (MOHYp, SKpaH,
‘SIAPO) OYAYT BHMOJHATL CBOIO NOJOKHUTENBHYIO POJAb B TOM Cay-
yae, ecAd OyZer obecnedyeHa HX (PHABTPALHOHHAR NPOYHOCTH,
“T.€. B Mpouecce SKCmAyaTauHd He GyReT MPOUCXOAMTbL OTCAAHBA-
HHUA arperaToB YacTHU CBA3HOrO TrPYHTa HJAH TPYHTa SKpaHa
(aapa) B nopH rPyHTa MNPH3MB [JOTHHW HAH MNepBoro cJo#
pHABTPA NPH AGHHHX KOHKPETHHIX THAPOAHHAMHYECKHX YCAOBHAX
H KOHTAKTHPYEMHIX KPYNHO3EPHHCTHX T'PyHTaXx.

B aauHOM caywae cleayeT nO rpaHy/ OMeTPHUECKOMY COCTaBy
KOHTAKTHPYeMbIX KPYMHO3EPHHCTHX T'PYHTOB (MOACTHAZIOWHKX MO~
'HYp HAH TPYHTOB, KOHTAKTHPYEMBIX C SKPaHOM, $JAPOM NPH3M
NAOTHHH uan GUARTPOB) Ha3HauaTh (MAH NMPOBepATh) pa3mepul
{TOMANY) MPOTHBOPUALTPALPOHHHX YCTPOACTB.

DuAbTPAUHOHHA NPOUHOCTL CBASHOTO TPYHTA C UMCAOM Naa-
-ctuqHocty W, > 5 mnonypa, skpaHa, snpa Oyaer obecnedeHa
B TOM CAyuae, eClH NpH MPHHATHX pa3Mepax (Toauwuue) O6yayt
YAOBAETBOPATHCA MPHBEREH!IHE HHKE YCAOBHA:
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a) Xaa nonypa

h
-,n = 'a_: < Jp. (54)

rae Jy — MakcMManbHBIE KOHTpOAHDYlOUtHA rpasHeHT Hamopa Aaf rPyHTa nouypa,
onpeaeaseTca kak ykasawo p 2.5, n$4°, puc. 9; ho — noTepsa wanopa Ha AAMHe
BCEro OCHOBAaHHA NoHYpa (cM. 2.5, n. 4°), puc. 22; ¥, — ToawHHa geHCTAHTEAD-
HOO MOHYpa; Jp — AOMYCTHMbIHk pacdeTHWH TrpaaHEHT Hanopa RNOACTHAAOUWErO
€104 TPYHTa MO NOHYpOM:

1 0,34
b=v [} )
3nauende Ko3pduuneHTa @
DY, cul 201 02 0,3 -04 05 0,55 0,583
? 0,50 0,46 0,42 0,32 0,18 0,08 0

D§™ — Makcumanbuuiii pasMep QHABTPAUHOHALIX NOP NOXCTHAAVIIErO NOHYP
£pyuta (pHc. 22), onpexensercs no 3aBucHMocT (22); puaen DY*™°<0,583 cu.

Ecan ycaosue (54) ne yaomnersopsercs, To B TaKoM Cayuae
HIH ROMKHA OWTb yBeJHYEHA TOMULHHA NMOHY A 8, HAK MOA

Puc, 228K pacuery puabTPalMOHHOR NPOMHOCTH MOHYPA,”sKpai:
Ro—nOTEPA HANOPS HA RRXHHE BCETO OCHOBAHMA NOHYPA; GH—TO«Imunl;Aencnnven-
HOTO MOoHypa; Z—Hanop, XeACTBYOWMNR MR BAOTHHE; 6,~mmmﬂ SKPAHE {BHXKE

a

Toukn .C*); DMAKC _noscTHaaomma  rpywt,
nop D’o"'":.

ALHNA P

4

TIOHYP H0JXKeH ObiTb YJOXeH NOMOAHHTEAbHHHA NOACTHAAIOWHA
caoft rpynuta TonmuuHoRt 0,3 - 0,5 4 ¢ MeHbIIHM 3HaYeHHeM DU,
T. €. 0 KPYMHOCTK 60Jiee MEJIKOro rpaHys0MeTPHIECKOro COCTasa,

6) Aas 3kpaHa
z
J,=B—,-\<JP. (56)

rie Jo—rpajuent Hanopa, Aeitctayiomuit Wa sxpaw; Z — uanop, AeHcTBytowmnit
Wa niotune; 8, — TOAWMHA IKPAH2 (HHKe TOUKH ,C*, ykasawuolt na puc. 22)

45




B cayuae oTcyTCTBMA BOAW B HixHeM Gbede (Touka ,C* ne-
MHT Ha NOBEPXHOCTH OCHOBAHHS), BEIHYHHA TPaAMEHTa Hamopa,
JAeACTBYIOIIEr0 HA 3KpaH, MPHHHUMAETCA:

J,l = ?‘7" (57)

rae A, —ray6una Boan B pepxueM Gohede (puc. 22); 3,’ — rosmuna skpasa no
W3y (MOpPMaabHO Kk ock 3kpana). D), mxomaumee 8 dopmyry (55), mower

SuiTh OTHECEHO K T'PYHTY DNPH3IMbL NAOTHHB, NPH OTCYTCTBHM GHALTPA C HHIO-
BOil CTOPOHW 3KpaHa, HAH K TPYHNTY MepBoro cn0f OHIbTPAa, NPH HATHIWK
TaxoBOro,

B) Jaa aapa .
j' = tg T << Jp. (58)
rae Jy— MakCuMasbHuHi IDajMeNT HanOpa RApa NJAOTHHB Ha YPOBHE poIm
HukHero Gbeda; 17 — Yyroa HAKAOHA HH3OBOH rpaHin 83pa K rOPH3OHTY (CM.
puc. 12, 6). J,— onpezeanercs no dopuyse (55), rae Dy** — maxcumasunbiit
pasvep dHABTPAUHOHHLIX NOP FPYRTa TE1a NAOTHHH (NPH OTCYTCTBHH UILTDPA)
HAM TPYHTA NepBOro c1os ¢uabTpa.

B 3aBHCHMOCTH OT HanQpa Ha.coopyxenHe Z MoxeT ObTh
onpeaesesa TpeGyemas NO yCAOBHAM (PHABTPAUWOHHOA NPOYHOCTH
TOMUMHA TAHHHCTOTO 3KPaHa (AApPa) MAOTHHL & MO 33BHCHMOCTH:

Z
3= z, (59)

rae Z— nanop, aeiicTayswoumit Ha' coopyxenne; J,— onpeaeiserca no dop-
uyse (85).

* OKOHYyaTeNbHOE pelleHHe BOIPOCa O TOMMHHE FAHHHCTOTO
SKpaHa (fApa) AOJIKHO PelaThCA NyTeM CPaBHHTEIbHHX TeXHHKO-
SKOHOMHYECKHX PACHETOB B KAXAOM KOHKPETHOM cjayuae, C yuwe-
TOM BCeX TpeGOBaHHA, NPeABABANEMHX K 3KpanaMm (fapam). -

39. PHIbTPANHOHHAS NPOYHOCTDL I'PYHTA AIPA (9KPAHA)
B 30HE KOHTAKTA (IPH CONMPAXEHHH) CO CKANOH OCHOBAHHR

B npakTike TIMAPOTEXHHYECKOTO CTPOHTENLCTBA 0COGOe BHH-

MaH#e AOMKHO GuTh O6palIEHO Ha cOMpAKeHHe MATepHana aApa

(3xpaHa) c ocHOBaHHeM, KOTOPOe MOXeT OHTh BHNOIHEHO B BHIE
Getonxoft noaviuku, GeTonHoA npoGku (B pycie pekH), H ecTecT-
BEHHOR TPEeWHHOBATOA CKaJOR (3aNeMEHTHPOBAHHOA HJIM Hesaue-
MEHTHPOBAHHORA).

B 30He npuMBKaHMg, T. €. ha KOMTaKTE MaTepHaja aapa
(3xpaHa) C OCHOBAHMEM, NPH HeG.IRrONDHATHHX YCAOBHAX [ue-
KaueCTBEHHON (HeROYMJAOTHEHHOA) YKAAJAKE TrpPyHTa AApa HAR
skpana, oGpa3’oBanHi TPEWHKH H np.| MOKET HMEeTh MeCcTo yCH-
AeHHAA KOWTakTHas uanTpauus (cM. puc. 12,0; J,), B pe3y.e-
TaTeé KOTOpPoRl 6yaeT NPOHCXOAMTL HapyuwleHHe NMPOYHOCTH MaTe-
pHana AAPA HAM SKPAHA, YTO MOXKET NPHBECTH K HEXKENAaTEAbHHIM
NOCACACTBHSAM. ‘

B ueasx offecnevyexus PpUALTPAUHOHHOR MPOUHCCTH MaTepHaAa
Aapa (9xpaHA) B 30HE NPHMBIKAMNA CO CKAAOA OCHOBAHIA, GETOH-
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HOfl NoAywKO#, GeTOHHOA MPOOKORA HeOGXOAHMO H3 TOTO XKe Ma-
TepHana sapa (3kpana) noao6path GoJdee KaueCTBEHHWH COCTaB.
[TosTtomy, npu Ha3sHaYeHHH ,30HbI MPaHYJOMETPHYECKOr0 COCTaBa
TpyHTa fapa (3KpaHa) NAOTHHE, NMPHTOAHOrO AAA YKAAAKH B NMPH-
MBIKQHHH C OCHOBAHHEM* (pm‘;. 23, ,3oum /7*), Heo6x0auMO, YTOOHW

% ‘} dcg < daj
@ 0TI ] ] m I
o 8s i Hy ;"
” ” { J%
| ile Jona ] g i !
50 o —H
,r 1 it
40 r fit—t
3 83 A n I
20 {‘ 3
dell 7
g el Ll A
Puc. 23. K Bonpocy conpakenust MaTepHaaa sapa (3KpaHa) ¢ OCHOBa-
HHEeM
a—.30na [1* — ,3uH8 TPallyA0METPUNECKOIO COCIANA rp‘m aaps (ngau'l) NAOTHEN, NpUH-
FOIHOrO A4R YKAZIKH 8 1 < ; 8. [1,—sep npexea rpanyao-
METPHIECKOTO cocTaBa TPpyHTa 3oust /7°; H. [Il.—uMxHUE upesen rpanysomerpuieckoro
COCTaBa rpyHTa 3SoMit I1*; - - - (IYHKTHD) —HHKMNA npeiea rPANYAOMETPHYECKOrD CO-

CT28a rPYHTE, YK121bIB2€MOTO B RAPO NAOTNHM (He B SOHE XOHTAKTA); dy,, D ,—Anamerp
pakuwisi rpysTa HHABEro npesena ,30HN [7° U VKARAWMBACMOFO B SAPO VIOTHHHI (Bne
KOKTIKTA C OCHUBAHHEM); dy:—pacueTHMA pa3Mep opaxunft rg)yun B. 1. 3omm I1;
O—cxema TPEWMHY B CKAZLHOM (HAH OETOHHOM) OCHOBANMM; D —uIMDHMA uleAu (Tpe-

3TOT 3aNPOEKTHPOBAHHHA HAHW NOAOGPAHHBIA rPaHyJOMETPHUCCKHHA
€OCTaB MaTepHaJa sApa (3KpaHa) yAOBAETBOPA. Oul ABYM OCHOB-
HHIM YCAOBHSIM:

I. Hux Hufi npeaes rpaHyJOMETPHYECKOrO COCTaBa IpyHTa
»30HH f1* (puc. 23,a: HIT), yA0OXeHHOro B HEAOYNJAOTHEHHOM
COCTOAHUM (YTO MOMET HMETh MECTO B 30HE KOHTaKTa B MPOH3-
BOACTBEHHWX YCAOBHAX), MO BOAONPOHHUAEMOCTH AOJKEH
OBTh MeHbWE, 4eM YILIOTHEeHHHA TPYHT (BHE 30HB KOHTaKTa)
TeNa Apa HAH 3KpaHd NAoTHHN. Huxuui npenea rpynta ,3oum /7¢
no CBOEMY rpaHYJAOMETPHYECKOMY COCTaBy JAO/MxeH OHTb Goaee
MEJNKOT0 3epPHOBOI'O COCTaBa, 4YeM TPYHT HHXKHEro npeaena siapa
nrotuHy  (puc. 23, 4; NyHKTAp), YKJAaanBaeMHA B €ro ToJuly,
T. €. M0 BOAONPOHHUAEMOCTH . 10N KHO VAOBJETBOPATLCA Clelylo-
uiee ycJaoBHe:

kg

P25 - A(GO)

rae k, o, — ko3ppHuMeHT QHABTPAUNH TPYHTA HukHero npeieia ,3ouw [T¢
npH MHHEMAALHOM o6beMuoM Bece (Ha mpelene maactHunocti W),
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Tlpuuer: wmuHBMaApHBH OGbeMHWA BeC rpyHTa |, B 30He
KOHTAKTa AOMXKEH OHThb:

A
T’ > T (61)
rae A — yxeavhmii Bec YacTHN TPYHTa (2/cAB); €y — KOSPOHUMEHT NOPHCTOCTH
Ha rpannne rexyvectn Wy
AW,
ey = 1m7"
TAe Y3 — oObeminii Bec BOANM ~ 1 2/cad.

Jan opuenTHpOBOUHLIX pacueToB YycaoBHe (60) MmOXeT Ourh
NPEeACTaBACHO B CAEAYIOUEM BHAE (puc,\ 23, a):

D2
T 118~ 95, (63)
17{u. n)

rae dyzq, n— AMamerp dpaxunii rpynra umuwero npesera ,3onwt /7°. Dy, —

62)

‘AMameTp ¢paxumit HWIXHero npeaera TPYHT3, YKAaAWBIEMOTO B TOAULY NAPA

NAOTHHN.

II. T'panyaomeTpuyecknft COCTaB MaTepuana sapa BEPXHEro
npeneaa ,3ounl /7 (puc. 23) AoskeH Ha3HAYATLCA C TAKMM pac-
YeTOM, 4TOOH 06GecneyHBanach €ro Hepa3MHBAEMOCTb IO CYIHECT-
BYIOUIUM TpEWHHAM HJAH OXHAZEeMhM B Npouecce 3KCHAYaATAUHH

COOPYXEHHS.
3T0 ycnoBHE BHPAaXKAETCA CACAYOUIER 32BHCHMOCTBIO:
dyciy. ) > 0556y, (64)
OTKYAR
by < 1.8dy5, o, (65)

rae dgg, ) —avametp paxusi  rpynra sepxmero npexesa ,3ounm /T
(puc. 23, a n 6); b, — npeoGasnaownii pauep pacKkpuiTii TPEmWH B CKaAe
OCHOBIHHA H B 6eTonHOH# noaymxe (npobxe).

CaenosateabHo, nleTpxmlﬂ npelea rpaHyJAOMETPRYECKOro CO-
craBa rpyHta ,3oun /7, npeaAHasHauaeMoro AAsl yKAaAKY B KOH-
TaKTHYIO 30HY, AOJKEH HA3HAYATLCA MHCXOAA HS )'CJIOBHﬁ Tpe-
IHHOBATOCTH CKAJW OCHOBaHHA (npeoGaajaawouiero passepa cy-

MECTBYIOWHX TPEUIHH) HAK C YYEeTOM BO3MOXHOLO TPEUHHOOGPA- -

S0BEHHA B NMEPHOR SKCNAYATAUMH COOPYKEHMi.

Kpome TOro, ans nosyvueHHs HaHAYWINEro CONPSKEHHs FPYHTA
AApa C MOBEPXHOCTLIO OCHOBAHHR, B 30HE KOHTAKTa CAeAYyeT YK-
‘MAABIBATH TPYHT AXPA ,METOAOM OTCHNKH FPYHTa B BOAy®

Llinpusa KOWTAKTHOTO CAOf Yy NPHMHKAMHS K OCHOBAHHIO
AONXHA OWTL MO HOPMATH K NMOBEPXHOCTH 3—4 .M.

INpn ykraaxe ,HACYXO® IPYHT SAPa NAOTHHH B 30HE KOHMTAKTA
AONKEH YKAAAWBATLCA C NMOBHIUIEHHOR BAANKHOCTLIO, NPOTHB ON-
THMAAbHOR ma 2—49%.

Ipn BuNOAHEHAH yKa3aWHHX pHWle YCAOBHMA, 06ECNEYHBAETCH
HaAeXKHOe CONpsKCHHE rPYyHTa RAPA NJOTHHLI C OCHOBAHHEM, T. €.
oGecneanpaerca PHALTPALHOHHAS MPOYHOCTHL FPYHTE fApa (IKpana)
NAOTHHH B 30He NPHMLIKEHHSA C TPEIHHOBaTOR CKaaOR OCHOBA-
nud, ¢ GetoHHof noaymwkoR K ¢ GetonHofi npoGkoR.
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PA3JIE] IV. NPHMEPH PACYETA MECTHOR
®HAbTPAHOHHO-CY ®®03HOHHOR NPOYHOCTH
TPYHTA TERA NMAOTHHLI H TPYHTA OCHOBAHHS

Mpumep 1. OaHoposHag NAOTHHE HEMHTZ H3 NECKa OCHOBA~
HHA — cnoft . B OCHOBAHMM NJAOTHHL 3aAeraer necyannf caoh—Ek
M necyano-rpasenucTufi caoA—II; puc. 12, a, a6aacts A,

TpeGyercs onpeaeaurs:

a) cypdosnontocts (HecyPPO3HOHBOCTE) TPYHTa Tead fAO~
THHH H T'PYHTOB OCHOBAHHS;

6) xpuTHueckHft rpagMeHT CcyddoswH, AONMYCTHMHA;

B) Pa3MHBAIOUIHE TPAAMEHTH HAMOpa B 30He KOHTAKTOB.

CocraB rpyHTOB

a) T'pyuT Tesna naoTumu ¥ I cosg OCHOBAHHA:
donn =001 sue; dy =002 su; dyy =010 mat; dyz =014 sn; dy =10 na;:
dyaxc = 3,0 au; o6vemnnil Bec Tox = 1,77 2J/cad; xO3PPHUMEHT DPa3HOIEPHACTO~

CTH =-;-':= 10; nopncrocte n=033 " xo3dpdmunent |dnavTpauun ke =
= 0,012 c.ujcex.

6) pynr Il cros ocHoBauusa:

Dypy = 0,20 ua8; D1g =031 sn; Dy3=0,44 ust; Dy=3,0 Ms; Dyape =20,0 are
xo3@@uuHenT PasHOIEPHUCTOCTR vy = 9,7, nopucrocte a1y = 0,33; Kospduunenr
duxsTpaunn kg = 0,12 cuejcex.

1) Onpenensem cyddpo3MOHHOCTL [PYHTA TeAa NJAOTHHH R
rpyHTa | cros ocHoBaHMs (Tes0 MAOTHHH HAMLITO H3 FPYHTa OC-
HOBaunyg | caos).

Mo 3aBncumoctd (22) onpeaeaseM IHAMET)P MaKCUMAaJNbHHX
GUALTPAUHOHNEIX TIOP B TpyHTe

d’o‘“t = 0,455 ;/:r,_i—z—;l dy, = 0,455.1,50 ;/EI—E%O.M = 0,07 mn.

- Koapuunent HepaBHOMEPHOCTH PaCKA3aAKH WYACTHIL B FPYHTE-
#aH KO3pPHUHEHT NOKAALHOCTH cyddoaun = onpeaesserca no.
dopmyane (23):

* =1+ 0,05y = 1 + 0,05-10 = 1,50,

MakcuManbRYI0 KPYNMHOCTh YacTHl, KOTOpPHE MOryT GHTb BhLi-
HeceHH W3 TpyHTa, onpeseasem no ¢dopmyne (24):

4% = 0,7744%* = 0,77-007 = 0,054 A

B aansoMm rpyHre vactru, MenbwHX 0,054 mm, conepuurcs
8% (>3%), cCaejoBATE BHO JAAHHHA FpPYHT CJAGAYeT CUHTATS.
CYPDPO3IHOHHNM. .

2) Onpenesum 3navenne KPHTHYECKOTO rpaaHenta cydpdosnu,
NPH KOTOPOM MOTYT OHTh BHHECEHH W3 rpyHTa cyddoancianne
vacThub (d.;), naunnas or d¥ n menbuwe (d, < 3%).
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3uayedHe KPHTHYECKOTO rpaguenta cydpdosuu onpeseasercs
no 3asucuMoctH (29) : ]

Ip=wia I/ 5K e

vhe '

Tae §o — Ko3pdHLUHEHT KPHTHYECKOH CKOPOCTH, onpereaserca no dopuyae (30):
b 1,77 90°
o = 0,60 (% — l)f, sin(30° + §)= 0’60(_1— — 1)0‘26 sin (30° 4 8—)=0,079;

Tex = 1,77 2jcud; Tzl 2/cus; 0 ~ 90°;
S+ = 0,82 — 1,81 4 0,0062 (v, — 5) = 0,82 — 1,§-0,33 4 0,0062 (10 — 5) = 0,26.

IMocae noacranoBku 3uauenuft B (29), moayunm

Jp =009, 0"6?__69&‘_2 =127d,;

Jep = 1274, (29)

Moacrasans 3uauenna d,; 8 (29'), or dM*x y meHbwe, noay-
YHM 3HAYEeHHE KPHTHYECKOTO rpagueHTa cyddosnu Aas KaxA0ro
pasmepa cyddO3HOHHHX HaCTHL (MO KOTOPHM MOXer GHTb ompe-
AeaeH % BHIHOCA).

a) Ecau noacraButh B (29’) @ = 0,054 sx = 0,0054 cx, 10
AOAYVYHM:

Jup = 127-0,0054 = 0,70,
T. €. AaA BuHOcAa wacTHu 4 =0,0564 mx (8%) notpeGyerca
rpaaneHt Hanopa J > 0,70.

6) inn onpepeneHHs rpajHeHTa Hanopa, NpH KOTOPOM HEe Ha-
pylIaeTcss MPOYHOCTbL IPyHTa, B (29°) creayer noacraButh d,<3%,
T. e, d,, =dy = 0,02 sux = 0,002 cx.

IMocae nozcTaHOBKH MOJAYYHM:

Jep = 127-0,002 = 0,254

CreposatensHo, fAsl TOrO, 4TOGH B AEHHOM TPYHTE TeAa NAO-
THHH H B | cnoe OCHOBaHHA He BO3SHHKAAa Obl ONACHAN MEXAHK-
veckan cyp¢osus, sonycTHMHMA TpagHEHT HANOpa B HEM, C yde-
ToM ko3pduunenta sanaca (R,), A0AKEN GHTS:

1 1
Jaon < k_,'," =m0.254=0,2},

Tlpn nposepke Teaa NAOTHHM H OCHOBAHHR HAa Ka3yaAbHYIO
(o6uryi0) HALTPAUHOHHYIO TPOYHOCTb IPYHTA, AONYCTHMHRA KOHT-
poaupyomuft rpaanent Hanopa (J,),, onpeaseasemMmit no rada. 1
# 2 noaxen GuTH 6OALWE HAM PaBeH AOMYCTHMOMY, T. €.

ndaon > Jaon: (@)

' 3) Onpeneasen cyddosnonnocts Il cros rpynra OCHOBaHHA.




Mo zaBucumocTy (22) onpeessen IiaMerp MAKCHMIALHHX
GUALTPAUKOHHLIX TOP B rpyHTe

DI = 0455140 §/ 07 oy O = 022 s

x=1+0055"=1 ~ 00597 = 1,49,

MaxcuManbiag KPyMHOCTb 9aCTHIl, KOTOPHE MOTrYT GHTL BHMHE--
CeHH H3 XAHHOrO rPyHTa, onpeaeauy no dopuyae (24):

&) =0TID™ = 077-022 =0,17 xx,

Coraacuo s3asucumocta (25), ecau nakcumanpHuft pasuep cyg--
dosuounux wacTuu @ MeHbuIe MMHHM3ILHOTO pa3Mepa yacTuu

rpynta D" qro mseew B 18HHOM Cayuae, T. €.
4™ < D*™ (017 uu < 020 ax),

10 Aaunuft rpyut (Il caon ocuopanns) searerca Hecyddosu-
onRL M. M3 ero cocrasa He MOTYT GuiTb BHHECEHH Jake CAMLE
MEJIKHEe ero 49acTHun npH A60M 3HaYeHHH TPaZHEHT2 Hanopa.

Caexosareanto, PuALTPAUHOHHAR NPONHOCTL €TI0, B OTHOME-
BuH Mexannveckoft cyddosun, O6yaer oGecneyesa npu Jo6HX
IEAPOAHHAMHUYECKHX YCAOBHAX. . .

4) Onpeaeaexne pa3sMHBALIIAX TPAAHEHTOB HANOpa B 3OHE
woHTaKTOB. B A2RHOM npuMepe NPHHATO—IPYHT TeAd ILIOTHHW H
I caoft rpynra ocHOBaHHA OXHHAKOBH. C.1€10BITCALHO, KOHTAKT-
Has ¢uabTpauns Oyaer umers Mecro mexay I # Il crosmu oc-
soeanna (puc. 12,a, oBaacts A).

KpHTHYECKMA TrpagHEHT KOHTAKTHOTD Ppa3MHBA HECBAIHLX
TPYHTOB onpejaeaserca no 3asucumoct (34): :

d,
Jous= %(2.3 +15 %‘(‘4) Blsin (ao= - -'-;-)

rae =‘l—xos¢¢uuueu1-, yuurnisapmnit dopuy H WepoOXOBATOCTL WacTHR;
dy=d,, =002 wu - paaMep TICTHK MNeIKOIEPHHCTOTO rpyura | ciom ocmo-
BaNHR, COXCPKAMMXCA B HeM 3% H MeHbille, OT BHHOCA KOTOPLEX NMPONHOCTH
WONTAKTHOi 30HW He Hapywaetcs; D, — cpexnuil anaserp ¢RabTpanMONHMX
nop xpy;g;oaepucroro rpynra [l csom ocHOBasum, onpexeameTca no 3amucH-
socTn (28):

,l“ 0,

4 r— La~-—= 033 .
D, =0455y7 T=n Dz = 04553 97 7553044 = 0,14 ww;

§ — yrox mexay HanpapiCHMANH CXOPOCTH GRALYPAUMK H CHAM TAKECTH.
[Tocae noacranosky 3nauewnft B (34), nmoayuuu:

1 002 002 .. 90°
Jpas = T(2.3 + ISW) 014 sin ‘(30 - T) =042,
_ JonycTHMMA pasuuBAIOIMA rpPaaWeHT HAMOPa, C VYETOM KO-
sdduunents 3anaca, Gyaer:

1 1
Gpardaon -~ T Jp =W0.42 =038.
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{3 npuBeleHHHIX pacyeToB cielveT, UTO 3a pacuerduil 1o- !
TVCTHMBIA KOHTPOJMHMPYOIMA rpaiveHsT Haluopa L1 18HHOro
‘CAy4as CcaelyeT NPUHATL MHHHMAIbHBIA rpaaueHT cyddoznu no
3aBHCHMOCTH (a), T. e,

ey

(%aon <% Jaon = 0.23.

MMpumep 2. Tlrotuna nueer TpyGuaThil apeHax (puc. 12,a u

puc. 20). Tpebyercs onpeneauTb A JMaHHOrO THNA JApeHaxa 1

pasaMephl APEHaXHOf MPH3MLI, €CAH TPYHT Tes1a H OCHOBAHWA MJ0-

THHH HMeeT (U3HUECKHe XapaKTEePHCTHKH, NMPUHATHIE B npHmepe 1,

B n. 3.6 cka3aHo: YyTOGH He RPOHCXOAHAO ZedOpMAaLHA IPyHTa

. 8 06.1aCTH ApeHaxa, pasMepsl APEHaKHOHA NMPH3IMH JOKHB OLITh 3
TaKMMH, YTOGE BXOAHOA rpaaueHT Hanopa J, Obin On MeHblie 3

HJIH paBeH AOMYyCTHMOMY, T. e,

gy

1 E

Jox € Jyon = mjxp« (20) 1

; 1

1 5

M3 npuMepa 1| umeeM J,,, = k_‘l“" = 0,23, cJae10BaTeabHO :

3an ]

Jux < 0,23. j
!

Adas onpejeneHus pasMEpoB JpeHakHOH npu3Mmni, H3 Gopmy- .
au  (50) caeayer ompeieanTs © — NAOLaAb MKHBOTO CEUeHHS 1
GuUAbTPALHOHHOrO MOTOKA, BXOAALIErO B APEHaXHYIO HDH3IMY H ;
oTHeceHHvVI0 K 1 noz, # apenaxa (puc. 20); j

Q !
ﬂ—l'L—kw_’.x- (6)
PacuetHble jaHubie:

— ¢uabTpaunoHubiit pacxon B Apewax Q = 0,093 2/cex = 8,0 w3 cym,
; — kosdpduunent OGUALTPAUMH TPyHTa Teaa (M OCHOBAHHA) RNAOTHHH Ry =
= 0,012 c.ujcex = 104 xjcym; / :
— BXOAHOH TPaNHEHT Hamopa AONKeH GLiTb MEHbUle HAK paseH AONYCTHMOMY, i
nipuunMaeM Jyy = Jyon = 0,23, i

. Mocae noacranoBku 3Hauewuht B (6) mnoayuum (puc. 20):
3 Q 8,0 ,
; w=1-L=—;7;=m=3.35ﬂ‘.

OTKyAa
' L=ll"‘lg+l3+l.+l5=3,35.“.
, TpH aauHOM pasMepe CMOYEHHOTO hepumeTpa ApeHaxHoft
NpU3MBl, BXOAHOA TPaxHEHT J,, GyIeT paBeH AOMYCTHMOMY Jyo..

OtaeabHuie pasMepnl ApeHa)HOA npusmu no puc. 20 Mmoryt :
-‘ObTh HA3HAYEHLI: :

_ 1, =010 x
3 l,= l. M :
13 = l.w M . "
X =120 ¥ i
- 4=010 &
;~~ L= 5.37) M. 4
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[Mpumep 3. Detodnad MIoTHHA pacmoaoxeH1 HA necda HOM
JUCHOBAHHI, HMelleM Ca2Iyiowne OCHOBHBE (H3HYecKHe Xapax-
TEPHCTHKH FpyHTa:

— 05 BeMHHIA BEC CYXOTO TPVHTA Yo = 1,77 2 CMY;

— nopucrocts 7 =0,33: °

— VielLHbl Bec MaTepHaia vacTtHu rpyHtra A =2,65 2 cu?;

— Hanop Ha maotHHy Z = 20 M,

Ha puc. 15 npuseseu BuIXOAHOA (parMeHT NOA3EMHOTO KOH-
TYpa MAOTHHM C JHHHAMH PADHHX HANOPOB M 3MOPOR RWXOIHHX
rpaaneHToB Hanopa J,,, = f(x). JIHHHH PaBHHEX HANOPOB MOCTPOCHH
yepes 0,1Z.

MakcumaabHOoe 3HayeHHE BRIXOXHOTO rPajHEHTa HANOPA B HHX -
HHil 6bed (coraacHo (HABTPAUMOHHHM HCCAEXOBAHHAM) COOTBET-
CTBYET 3HAYEHHIO Jgux = 1,58, .

TpebyeTca onpeneanTs:

a) KPHTHUECKHH rpaiMeHT BHAOPA AAA XAHHOTO FPYHTZ OCHO-
BaHilfl;

6) TONMULHHY H AJHHY MPHrpysku B 05JaCTH BbIXOAa PuaLTpa-
LHOHHOrO NOTOKA B HHUKHHA Gbed.

das peuieHust ykasaHHBIX BHWE BOMPOCOB eAeAyer MOAL30-
BAThCA VKa3aHWAMH, mpHBeACHHHMH B n. 3.5, 2°(1).

1. Onpenencuue KPUTHYECKOrO rpamuexTa BsHnopa J3, Aas
JAAHHOTO TPYHTa OCHOBAHHA TMPH OTCYTCTBHH NPHTPY3KH B MECTe
BHX04a (PHILTPAUHOHHOTO NOTOKA B HUXKHMA Gbed,

KputHueckufl rpagveHt BHMOpa ONpeaeAfieTcs [0 33aBHCUMO-
ctH (41): '

A \ 2,55
8 __ = - — —_ —0: —
pr_(h ‘1)(1 n) = l\‘i— 1)(1 0.33) = 1,10;
rxe 3 =265 z'ca?; 15 > 1.0 2. ca3; n =033,

3uauenue Jux>Jo, (1,58 >1,10). B TakoM cayuae AonKHa
GLITL yCTPOEHA MPHrpy3ka B 064aCTb BLIXOA2 PUALTPAUMOHHOTO
NOTOKa B HHKHUA Gbed. '

2. Onpejesexde TOAWHHN H AJAHHW NPHTPYy3kH. ToawuHa
caon npurpysku T onpeaeasierca mo ¢opmyae (43):

‘ T=‘(~’nux—-’:p)7—1‘;knn-

Onpeneanm 3HayeHus, BXoAAwHe B gopMmyay (43).

t — TOMUKHA G109 [PYHTA OCHOBAHHH, COOTBetCTBYIOWLAS KpPH-
TUYECKOA TAyOuHE 30HW BRIOPa, ONpEleANETCA N0 NPUBEACHHOA
B 1. 3.5, 2°(1) meroauxe.

Ha suwixognoM ¢parMeHTe MoA3EMHOro KOHTYpa COOpYKEHHs,
yepe3 ero KOHeYHYIO TOYKY NPOBOIHTCA pacyeTHas BEPTHKAAL ,°,
KaK MokasaHo Ha pic. 15.
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Ha stofi pacueTHOd BepTHKAAH CTPOMTCR SMIOPa pacrpeaese-
nua rpaguento J = f(y) no rouxaym mnepeceuenns pecuernolt
BePTHKAAH ,Y* C JNHHHAMK PaBiuX HanopoB (touxu 1, 2, 3...).

Jlaa npuBeaenworo npuMepa no puc. 15, paccrosmns no sep-
THKAAR OT NMOBEPXHOCTH HHXHero Greda (oT ToaKH A), cooTser-
cTByomue 3aravGaennam Touexk 1, 2, 3..., nanopu u TpaAu-
enTe Gyayr:

n=16 l»-\h,l=21»1y‘=l.%
Y3=42 4>, =4 4 ~J, =09
y; =68 .U-»-\hy'=5.n—’.’)..=0.88.

Mo moayuennnM aanHHM crpontcs smopa J, = f(y), xax
noxasano Ha puc. 17

Mo noayuennouy 3nauenno Jy, = 1,10, orao:kennony no ocn J,
(puc. 17) onpeaeasierca ToAmmHa caos £ =y5.

B naunom cayuae ¢t = 2,50 x; J,, = 1,58; S =110 5 =1m F" 3
Top = 1,80 m a® (o6vexHult BeC MaTepHasa NPUrPY3IKH); Rypp=1,50.

Nocae noacranoekyu 3navennfi B (43) NOAYYAM TOJWWBY CAON
NPHIPy3KH

T = 2,50 (1,58 — 1,10) T%f 150 =10 «.

Hanna npHrpysxkH b, OnNpeaeaserck no 3Mope BLIXOANMX
TPaAHENTOB Jy, = .
3nan J,, = 1,10, naxoaum Ha AuERE Jop = f(x) TOuKY, cooT-
percTeyomyio Jy, = 1,10, n B macwraGe onpezeasem x, =3 u,
¢ yvetoM Ry, = 1,5, noayuum
Inp = kaantyp = 1,5-3 =45 .

Tipumesannn: 1. Matepnaa nparpyskm MOmeT OMTL B CYIOM MAN BO
B3IBCmENHOM COCTOSHMN (NpW hHaanynu poauw 8 HE).

2, Marepuaa mPHrPY3XH B 30MC KONTAXTZ C TPYHTOM OCHOBARNS ACAMEN
YXA2IMBITRCE NO OpRNRNNY o0paToro Puastpa.

Mpuuep 4. B ocuosanun naorneu (puc. 12,8, o6aacme 5;

puc. 18) 3aaeraer otHOCHTeAbHO TOHKHA ramamctuR (I) caok. .

rpynta TonmMnod £, = 4 x. Bropoft caoft (I1) mecuano-rpasean~
cn&l). DeActeyownft Ha nAoTHRY Hanop Z=(V YBBE— 7 YHB)=
=20 u.

B aannom caywae Tpefyercsa: )

a) NpPoPepHTL CAOR TFAHHHCTOTO TPYHTA OCHOBAHWA B OGAacTw
HHXHero 6uoeda Ha MECTHHA PUALTPAUHOHHLA BHNOP;

6) HAMETHTL COOTBETCTBYIOUIHE MEPONPHATHR, OGECNEIHBaw~
mue PUALTPALHOHHYIO MPOTHOCTH FPYHTE OCHOBANNA NpH BYXOAE
$uabTPaUHOHHOrO NOTOXA B HHXHKA Obed. .

1. Onpeaeasien AeACTBYIOLIHA TpPaAHENT BHIOPa B HHMHEM
Grede na CAOR rARNHCTOTO TPYHTA TOAMAHOR [, =4 M MO NpH-
Ganxennol 3asucumoctn (47)

05Z 05-20

. J...s-‘:‘—--—_f—=2.5.
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A AaHHOTO TAHHHCTOrO TPYHT2 OCHOBAHMS KPHTHUECKHA
FpajgHeHT BuNOpa (npM OTCYTCTBHY NPHIPYyaku) GyAeT:

= (é - l)(l ~n) = (—2—?—— 1)(1 —0,37) = 1,08,

rae 8 = 2,72 2/cud — yaeavuniit Bec %aCTHU TAMHHCTOTO TPYHTa; Ta = 1 2/cM3 —
o6vemuut Bec Boaw; 7 = 0,37 — NOPUCTOCTh TABHUCTOrO FPyHTa.

Ha CONOCTaBNCHHA [PAAHCHTOB, HMEEM:
Joun > 23, (25 > 1,08),

YTO YKa3nBaeT Ha HeOGXOZHMOCTb 38UIHTH [AHHHCTOTO FPYHTA
OT BHNOpa B 06nacTH HHKHero Gheda.

2. Bui6op wmeponpustiit aas obecneuyenns (QHALTPALUHOHHOA
NPOYHOCTH I'PYHTA OCHOBaHHUA B 00aacTH HukHEro Gheda.

HOas o6ecnedewus QUALTPAUHOHHON NPOYHOCTH TAMHHCTOTO
TPYHT3 OCHOBaHHA B HHXHeM Obede MOryT GuTL HaMeueHH ABA
BapHauTa MeponpuatHit (puc. 18):

1) npurpyska caoesm Goaee KPYHHO3epPHHCTOrO IPyHTa, COOT-
BETCTBYIOWER TOJAULHHN H AJHHH;

2) ycTpOiCTBO BEPTHKAALHOFO Pa3rPy30MHOTO ApPEeHaxa.

B xausoM cayuae, upH rpaguente Buinopa J, = 2,5, norpe-
GyeTcst TOAUWHHA CAOA NPHTPY3KH (NPH Y4 =1,75m #* 1 n=0,34),
NpH OTCYTCTBHH BOAB B HHXHeMm OGbede:

1
T = tor (Jaux — J5p) 12 haa = 4 25— 1.08) [ 15 = 5 u.

Tlpu Haanynu BOAH B HHKHeM Obede, KOrjga MaTepHan npu-
rpy3Kn B3BeWEH, T. €. MpH

Tap =Tex— (1 —m) 1, =175 — (1 —034)-1 = 1,00 m'a2
TOJAUHHA TIPHTDY3KH

T=4(250 — 1,08)1—&7 15=78 u

OuesHaHO, B NaHHOM cJayuae NOTpeGyercs YCTPOACTBO Bep-
THKAALHOTO pa3rpy3ouHoOro Apesaxa (puc. 18).

OxoHyaTtenbHOe peieHue MOKeT GHTH MPUHATO B peayabTarte
TEXHHKO-3KOHOMHUYECKOrO CPaBHEHHS BAPHAHTOB.

INMpumep 5. Kamenno-semasHasm (JOTHHA C CYTAHHUCTHIM
SAPOM YCTPaHBAGTCH B Y3KOM KaHLOHE HA TPEIIMHOBATON ckanae
OCHOBaHHsA, puc. 12,6.

Tpebyercn, B ueasax ofecneveHus GpuALTPALHOHHONA NPOMHOCTH
MaTepkaaa sjapa B 30HE MNPHMLIKAHHA C TPEmUHOBATOR cCkaaofi
OCHOBaHMA, NoA06paTh H3 MaTepHala AApa Godee KAMECTBEHHMf
COCTaB TPYHTa ANl YKABAXH €T0 B KOHTAKTHYIO 30HY,

Ha puc. 23 npeacrasaena ,30Ha rpaHy. OMETPHYECKOrO Co-
CTaBa MaTepuana RAPa NAOTHHW®, OYEpUEHHAs CHH3Y NYHKTHPOM
H CBepXy CnaowWwHOR aunnedi (BIT).
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: Coaepxanne raAuHHCTHX vuacTHu d < 0,000 mm koaeGrercs
B npeaeaax ot 5 a0 15%.
Maxkcumannine dpakunu:
a) wxHUA npeaea 30HH (NMYHKTHP)—100 sex;
6) BepxHHR npenea 30HH—6 mu.
[MpeoGaanaiowuii pasmep WHPHHH TPeLHH CKAAL OCHOBaHHA
cocrasaser by, = 1,5 xuu.
as nopfopa ¥3 TOrO Xe cOCTaBa MaTepnana sjpa Goaee
Ka4ECTBEHHOIO €ro coCTapa, NPUrOAHOrO AAs YKJIBAKH B 30ie
KOHTAKTA C TPEULAHOBATOR CKAON OCHOBAHHA, CACAYET PyKOBOA-
: CTBOBATHCA PEKOMEHAaLHMAMH, MpHBEACHHLHMH B pasgene 3.9.
' . 1. Onpeaeiente HHXHEro npeaeia rpaHyJOMETPHYECKOTQ
coctasa rpynta ,3oun /7 (puc. 23, a, HII),
a) MuHuMAALHLA O0beMHBIt BeC TPYHTA e, YKAQABBAEMOIO
B 30HY KOHTaKTa /10/KeH OuTh:

a
LT wrr 61)

B aaHHOM cayuyae nmeewm: )

— yJaeabHbIR BeC MaTepHaaa 4aCTHil rpyHTa sapa A-=2,70 2 cu®;

— pepxHul npegex naactuunocth W, = 35,5%;

— 00beMHHR Bec BOAW Ty=x ! 2 cmd.

KospdnuneHt mopucroctH Ha npejene -texydectu W,, onpe-
aeaserca no gopuyac (62):

AW, 270-355
=100y, = 1001 = 0%
; Mocae noacranoBku 3nauenut B (61), noayuum:
] 2,70

16 > T 098 = 1138 z/ean.

6) Huxuuit npeses rpaHyJIoOMETPHMECKOTO COCTaBa rPyHTa
»30Hb 1" poakeH yaoBaeTBOPATb ycaosHio (63):

L_)ﬁ(" x 2-5,
n.
rae Dy, =005 au — auaverp {pakunit umnero npeaesa rpynta, ykaagu-
BaEMOIO B TOMNY RAPA NAoTHHW (Bue 3oHw koutakta), Dy;, ) = 002 ax —
Anamerp ¢pakunil rpynta wwinero npeaena ,3onum [1°,
Mocae noacraHoBky 3uauenud B (63), moayunm:

0,052

002 = 6,25,
ycaosue (63) npuﬁ_ansurensuo YAR0BAETBOPRETCS.

2. Onpenenennie BepXHET 0 Npejena rpaHyAOMeTPHYECKOro
A cocrasa rpynta ,3ouw /7* (puc. 23,6).
Bepxunit npenea rpanyaomerputeckoro cocrasa rpynra ,3o-
N K /% pasuaiaeTca, HCXOAR H3 YCAOBHA TPEULKILOBATOCTH cKaAW

5 .
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OCHOBaHHA (npeo6asfaicuiero pa3depa IHPHHH TPEILHH) HAHW
oxuaaeMolt TpeinunoBatocTH (GetonHo#t nozywku, npobxu) B ne-

PHOA SKCHAYAaTalHH COOPYIKEHHR.
B AaHHOM lngmmepe npeoGaa AB10WHA pa3Mep TpewMH Co-

crasaser b, = MM,
HepasmbiBaeMOCTL PYyHTA AP NAOTHHH MO TPEewHHam 6yaer
ofecneyeHa B TOM CAy4ae, eCAH YAOBAETBOPRETCH ycaosue (65),

T. €
by < l.&iw,_ -

B nanHom cayuae (puc. 23,a) dy; = 0,90 M4, npu stom pas-

Mep TPeuHH MoXeT ObiTh: :
b < 1,8-0,90 = 1,62 am,
1. e. ycaosne (65) yaosneTBOpsercs.

CaeposateapHo, B neanx obecnevedus GpuAbTpaUHOHKOA Npoy-
HOCTH [rpyHTa fiApa B NPHMHKaHHH K O6OpTaM KaHLOHA MOXET
6biTb PEKOMEHJOBAH AN YKJASAKH B KOHTAKTHYIO 30HY I'PaHyAO-
MeTpuYeckHft cocras rpynra ,3oun 7, puc. 23, a.
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2°. Determining the Piping Capacity (Nonpiping Capacity)
of Soils and the Percent of Removal of Piping Particles
3°. Determining the Critical Piping Gradients and Rates
4°, Determining the Critical Gradients and Rates of Contact
Erosion of Noncohesive and Cohesive (Clayey) Soils.
3.4. General Instructions for Calculating the Seepage-Piping
Deformations of Soils (from 3.3, pp. 2°, 3°, 4°). :
3.5. Determining the Destructive Heaving Gradients of the Soil
and Measures to Combat Local Seepage Heaving
1°. Mathematical Formulas To Solve Problems Related to
Soil Heaving
2°, Measures to Combat Local Seepage Heaving
a) Heaving of the Soil When the Seepage Flow Emerges
in the Tailwater
Determining the Thickness and Length of the Overload
Overload Drain
b) Soil Heaving When the Seepage Flow Emerges on the Slope

1.
2.

3.6. Normal (Local) Seepage Strength of the Soil in the Pipe

Drain Area
3.7. Deformation of the Upper Slopes Due To Wave Action
3.8. Seepage Strength of Impervious Devices: Blanket, Face Shield,

Core of the Dam
3.9. Seepage Strength of the Soil of the Core (Face) in the Contact
Zone (With Contiguity) With a Rock Foundation

PART 4.

Example 1.
Example 2.
Example 3.
Example 4.
Example 5.
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